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(jr JLc Sj.}Gi]l 4JjjJ,l 4-dIa^JI jjlj^=>JI <J-l4>GJ ^'igll (_UjjlIlj ^'nitl p_JL*lU LaLtll 4 iumji,! ^ * 1 n" 



CjL^>-_ajU A^c_uj ^LaTufczl ljuk (_3Gj ((JjjjlJI Jjj-"' 4r- 2^^1'J.I 4ji^Uj 4_LLaJI a 'LlLSI'JI eJijLLi^J! J* i"i 
0-ijlj.a (JLc Lul j J-<VLt-i (J aL^SLLa (j-lsj - i ^ >1 ^l J^* 1 - 1 ' j^ i~»" 4r ' ' ' ^*" <_P-J' O^ 3 ^' '>-*-* <».iL3 (jjJ ^j-a a JjJ 1 aJI 
(jjjLJ J t^all '.t_gj.aJj.il aJlSjJI 4 !■»■/» *_£.} £_ LaJtS jlj 0" 1 n^M (J^-l (j^a (jLa-l^flj pJLtJL) tt \ 1 aX\ 4-1 1 j mi 2j^ (jr^-J 

.Luil_u-a LaJLSlU JjjJI t-fll uaX JLtJ 4±ll 

4 a J 2j 1 1 4_JjjJI <_)jG*TiJI x_a j ajj 'LuL>o| iSaJaa. TcjiLUI ^Joiaja. p^-i ualiJ 4_aL*J! Sjlj 2I OJaa. jjij 

4jI ua-Lia^j a'al^- . » ( J^jlII J}.*-*-" ' tllalLa ■ ^- >l *- ■ <L±jJl>. 4.LaJLc i_<_JL-ul (3^3 ' 'U_uj_L'JI 7c_a!^iJ! «.Gj ^_ 

«J_l£=jJI (Jila-i i^JlII 4-ilLajJI 4-iig.U j-uLtll jIJlC.! p_aj_iiu3 £_ 6 jla^J I ijjub C-JilaJ Jt£j i 4jI ALaHa ^ibJ 

Jjj-"-" (_P-4-> ^'^ "•*■<- ' (jG»J J^^~* '"'" ^yic L^jLu ^_J_uL*JJ J-aTLtJ j| (4_UJjJlJI Tcal^JI «.Gj A- SjiuLVI 

1_£Jl!I (jr LaJ«JI *J9ljJI x_a 4-La-LtJ I 4jJjJI Jj^Ijjj («L-po ^'1 (j U t_xjjJuJlj ( _ r J-aJI p-lUTlU <LaL»JI Sim "j-llj (J-aJ«JI 
j '^— >| (_yj-ijjij :*_auj_<J 4 1 aL^alLa »j la * ) ijL^lII ^_ (jGtUI <>Juk r-j-jeli] CjJj^aJI 3j-" CjGllalLa ^Uij-oj 

,<LluLu^| d'il f ll-»"i a l £juks*Li 2— 4_ijLfll a j '^— >| a 4 J-a-«-!l Jjj_<-uj LSI Lalll 

j ^U <VI 4_tl23 (<u-o3 j-JjJlIX /—I »£ - /yJ^i' p^~ , ~-"^' ^jl_La 4_ujjJljJI 4_uJL>JI iJjLjk (JjLujj 
'Laj^UI Cj 1 j 1 g 1, 1 1 >l 1 ■■"^-<l 4_uLl^=j JjLHu 4j_a-L>- CjUljaisj^a a_j_L5TJ1 dlLil^a U 4 T uLa^a T il!lj 4_l^=>_l! jj _LuJ I 

^_^a ' tajellll IJ-J 

j^l 4JL1I ^j^a (J^aG 4_ujjJoJI 4_i t lL>JI t>JJk tlLijLj £}M * ''-*■" (J-&J 7c_ALli! J 'J J p ^ -1 ualLl LaLiJI Sjl J^lj 
£ JlxSjlIII ^j^ 3 J^-^J Ja-m-LX (_)jJLu/l_i < Laj^LII 4 ' J Jjj 1 -•*■ 1 1 CjljL^i.1 (Jjj-a G ^_ j-J/LLa (J^a ("1 < p j ■ ■■" jjl (J^-J 

.cjIjL^JLI ^jub c_)L ■■"^— I 4^1 ^t- /<uiji3 (jP-II (JL^aui^lj cjI S-uIal!Lj 4Jl t" 1 ii^?1_ij 

L-t-pcja ;> j a 1 11 4Jl ijLxi^jj 4-uvj Li L^la ^j 1, Ltaj ■ ajj a LkjIjLcl (^yic (j^-^GU' [3^-^ O' (J I '" ' ^JJIj 



w_ikmi jji^Iajj pi j 1 Lgald 4^aL«JI Sjl_}VI 







3 -i laj) ^j— '^■^-" uj^LLaJ 1 . -^ .-^■■^ CjJl^.1 JiJ9j (jr-J^ p^-— ~»" !l «.^jl_j^a (JLxjO £_ 4j_uL>JI ijjufc (^G 

pj fo\ At 1 I (_)jjLjJtl 1 A 1 j • ". 1 lLUJj ( <LOj« ( ntl 4_UJ_*JI 4 ^— > mLl 4_U-5rJ! CjLJ^sJI A- <LuLo2_UJ A-^SLjJjjJl-Ufc 

O o »j (jj^. jj_ai I JL^fc i^j-^o? .Automatic control ^^l r ^~-n ; ; ^u~ti a-^lJ^i ^jLJlIj 

(j-uLiJi j-jus\Jjju 4_uoL>. (_ijL>ij ' J *"J ^ p*^-— i *>-"tl '"'' aaia-La i~\\\«<^~ > a a j .-^1 ■* i 4_u3L>JI 4-JLg-tJI <_ijL*j]I 
(jl ISj) La i ill LA J a»a ' •»■ II (JjI i gJl ^j" ' •■ a (Jj^JJlJI <J*aJL»ii]l t ajl j >JI 4 a»j ** J'" 4 .ut-1-LLaJI d)l ^i^~~'^' 

.On-Off controller ^^i! 4_^i_s oUt^ixl pij^ei^L r ^~-.ti ♦:♦ 
L^iaj 4-jjj^ti pi jaixi ^j Continuous controllers U^ijiii oUJ^iil J j^l^l> *^ — -ti * 

.(^^JLisLfljJI (^^JLaL^aLlII jjii uLlLIIj i /—I al^-i"tl ^i , uLlLII <(_LaL^=ilII t ,-i i uLlLII p la 1 1 , 1 

sj_)L*Jj_a (JjjLlSjI t\ ^> I (j.a 1 1 i -■*'*- 4^jjlX < sjL^jJI (jiaJU (J.q-t-1 /— LytJI jjJiJU Ijak (J^L>- ^j^a A^^-l t—Sj i nj 

(-jLajj^fl p^~~ LSellll i-i^ii (J-4-£- 4_uLi^=3 L7-^- *— ^>*^ -^ jj^-» ) i_3^_u jjJiU <_)jjJLtl ^L^jl Jl*_i il)l a-kill,! a 




4^3* 



_Uj^l 4 ^l-tl 



■cvinl[) lliiipilli].^inll pilnill nnlnllniiiiiif)nH 

gALUl jJjIaJj ftwaAl ^UbJI Sjl :V I 
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«J] Sbjis" j^ 11 fc**?- 






J-<W1J pt-100 4_lLu>L]| iajLHI j1m^aj3 ,* I jL-fcTu-u I LuLt^a ^,1^. (—ijjill.! i-3>tb (jf * liltMll 



















tdLAA 

(JLus Tciisjlj. 4 ii I" se U 4^ 1 / <^stl CjLJUjlII ^_ (JjjLlSJI ( 1 1 1>~~ ^jJI Cj lj.iAlU I /<ui>l Jl>-I SjIj^kJI <L»-j.} j_lL*j 

. sjIj^kJI 4j>-jJ (jr Lc aj_<j^= Aj^jJlJ jLqTuj ^^aJI LuLi^-i^aJI CjLjJUjlII jjfc lillj (jy Ll 

J^al^>JI (J-ILa 4_uuj_uiJI ajLtl Cj2L>. I a !**»-»■* 4-) La-" ml aIJlJt" ml /<u_) 4_JLs Sjlj^>JI 4_»-jJ ^jjjLlSJj 

. ajlj^>JI 4_»-jjJ CjljLiJIj (JjIj i ntlj 

a ^jj^H 4_ajLHI £_j_jilJI j cjIjLLIIj (Jjljnitl fc^>> .iLojIj Jliiil J j j in (_;,!£. Sjl.^tl oU,1 jjl^jj (jLa 

->lj-tl ^3I_jj 4-1 La- " i ill <JLc 4jlLaVI Jl>-I j-pAJ £y allied jj^-i^*-* <j-° L." 1 ^~* I ' " 0"*-> ( %-"'-^' L^J'J^* 1 ^' ' J ?* J 
. SjIj^kJI 4^»-jJ ^jjjLlSJ p ^-.-»",tl d^Uij ^_ 4jiJ^La j i^— > VI aLc 'I^jj (jjj.LHJj i 4-)jlj^>JI CjL>-j.}j_tlj 













:4_ajLOj3 
j a uaJl 2jIjj>- 4_»-j.} Jtlc ajI ) * * i_£jL_uJ pt (J-G^LjJI (JJl«^o (j_a lilLm <LajLiLa Jl pt-lUU j_aj_JI j-«J-> 

.pt-lUU 4-lLu^LjJI 4 ajl St I j~ aj aj~ i I Jtitljj, Ll A_Ujut-« 4j<laJ9 Sjlj^i. <^>-J-S (J-"Lj^ »♦* 

.4_uj^^=JI LajLail^Laj^apJ Sj_)L*Jj /— Ise-La (<u-uj ♦♦♦ 

: Ajj^alu! > ri <^>j 

. pt-lUU aI Jtitlij/Ll SjIj^kJI <^>-J-S (j-"L^9 4_tJ aX s.lj^-2 (Jj/LlSJI j_t^=La ajjLta ♦$► 
^Laj^p A I JlJt" i iiU 4_i_uL<m 4 1^» ' L^jJjlJLaj pt" 1 UU aI JlJt" i iiU 4_uJl*-« 4_>iJj_i1u 2jljj>- 4_»-j.i ^jjjLlS ♦$♦ 

.pt-lUU ^ILaj^apil a^jLtil (jy I j e-L o ('-"J *♦* 
i».jj (j-u ilaJ^J V J j ii a L^£>-^ AjJLjJI 4jjLtil jLiTlcI ^j ^— > a j£ pt-lUU 4j_Lu}LjJI La j L^ I ^j^a j^apj 4 j i nitLij 



^=i? (i+dr) 



1 4_Ll*_« 2jIjj>- 4^»-jJ Jtlc 4 j 'j j ^-» ] I OsjLSil 4-a-La = IVp 
( (_^HI j a uaJl (^Jb 4.l*j*-j-U 2jlj^>JI 4j>-jJ 4_Lt>-j^a ) 2jljj>- 4j>-jJ Jtlc LajLiil 4_a_i£ = X\-0 

. 3.85*10~ 3 K" 1 ^L-3 

■ 4-I-Lt.a OsjLLa 4-a-iS Jtlc L^aSjjla -ilj-tl (^j-ai^aJI) 2jlj^>JI 4j>-jJ = 1 













<2 



,100 



R v - R o 
R o - v 



.4-LL«-a s jL>^- ^J- 5 J - k: 2 jl>^' J*L«-« - ar ,ioo 

■ t_g^!La JCIIS> 2jIjj>- *^»-jJ Jtlc 4_Uj^^=JI 2 ajl St I = XVQ 



■■4_aJLJe-"Lcu.tl CjljjVI 
.(Pt-100) A^lIuMJI ^[2X\j^^j3 ) 

. \ o" i n a }Lu (j ' _ ) 1=3 a 

. J-L,La| Y / Ojj^ ^ j q"i i n a 2 J Jij9 j, t i^sa 

.( j ru . a . u l a ) .} JjLLa ^jd^—i o"Lj^ jW^ 
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^uuU^uJIj 4*s; Jjij JU4J 1 3i4aJVl 








pt _ 1UU A^jLSJJ^La^/Opj j^^LJkJI Cj^Lu-sjjJI Jaiaiejo: ( l ) (*J3j J^~ ~* ■"■ 







x-iis^JI (_yic (J-uLl2JI j_i^=uo A_ Jj^ejJI ?-l"iiia ^-i-^J Ja-uis I a ) (<^J J^"* iIlII ' TtuisjJLI Cj^Lh^jIlII 

.(INT.) ^yi ^ reference voltage t^j-Ll j^>JI j I = Constant 

4-q-l3 ^jjjLlSj lIUJj 1 jLlLJI p 1 "''" ?-l"iia aI Jiir" < nU j-tj^at (-JLLa ^ (_y-^- J4p^' 4 -'h. La ' ' ' '" ' f*^ - ^" 

LajlJLa 4-n-iS Jtlc r-jJ^JI Jtlc O-J^S (jylLa ^ 4Tl^-lj1 > j-^- ^ Jilj j-<-j-« I (jyiLa ) Jtl£. jLuJI 4.<yLa i La j i a ) ♦{♦ 
( (AJ^iLi <LajLiiil ♦{♦ j-lla 2L) jLuJI = (dJj-ill) > J7~^ t (»jl (J3^^ LSjla — ajI ^ 

; ^jj/LlSJI j_t^=ua 2j_iLta — i 
.(cJji j^ua) 4-u^jVl Jl (DIFF.IN)jr^-ill JiljLs <>=J ♦ 

" OFFS.ADJ" j ) ^ (amplifier gain switch ) J! ^- I i,l v .-^ ^lll* .Uj.^I Luj^ ♦> 

.(multimeter) j^>ji ^L^ j^=dl <>» jjUJI cJ^aii ^L^ ^ ♦ 
^Lc j-jUJl cJjii! " INPUT OFFS. ADJ " ,u,,^ij \ • • • ^ ...,„^ti 4^ ,u,.?>l o^l ♦ 

. \ t_gjl i n" < ,,„^— tl 4.<vlS Ju£. 4.iLy*]| jj ^— Jl^=QU»J» 
. JlJ^jIII AjLjJlI 4-l_i_aiJLl Luji^SLg 4-fljl intl CjljlaiJI jIj^slL <£ - 

. Jj_j-l1IIj i^-^" ' "~n tl^-^J-La-*-! ' M-^=J SjIj^kJI (J^oLa^a i_ 1 1 n^-l - 1 

. Jj^illlj (j-^ 6 -*-"^' 4.lU.*.U 4 j initL) (j-uJLlII (j-djJ^>JI 4JLlCl1 aJ9 - V 

. JlJ_jjjJIj (j-LJr i n"itl (j-^.*iq-*-l I y *— d A-i-uLiiLI ajlj^>JI 4_»-j.}j 4-lLu^LjJI LajLSJLI (j-U 4 _ y Ire_La fiu-ujl fi^ ~ A 













t^j-ua- ) n"(tl S-J »g ♦{♦ 



(Pt -100) ^Lu^UI ^jLltl^j^ 
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: J^>pJ I 4jl of ♦$♦ 



(Pt -100) ^Llu}LJI "^[Itt jIajaj! 


V a (°C) 


4-Lt.iiyJ 


(°C) iUHl 


^-v ( ohm) 


U A (mV) 
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<_jjJllU CjllojjaJLa 



O 






.(NTC-probe) ^jij^Ji oLl^j^hi u^"..^ 2jij^»Ji i^p ^l^ 2 ^^ tSjlJal! 
J_^cj (NTC-probe) i^jij^Ji oLl^j^hi j jl^j s^a ^^ c_>jjaJi! ^j^l <^ t^l^Vl 









^ . 













»JLA4 



. 2jlj^>JI ^>-jj (jyic «j 'j^~- a^jJlj Jla1»3 (Jill <LuLui-l^=lJI cjLjJUjlJI j^k <_iUj ( _ ;t Ll 

4_uj^^=JI 4_ajLH,l I|_j_ii2j| j CjIjUlIIj Jjljmtl fft-^v -iLojIj JliJ.1 Jjjm ( _ ;r Ll 4-JLaJI oLU JJlxjj (jLa 
-S'j-tl ^jLjj 4-1 La- "i i nl (_yic aJIujVI Jl>-I j-pAJ (j* allied j^-iJ^*-* <j-° L." 1 ^~~' ' ' " U^-> l*-" 1 ' L^J'^-* 1 ^' ' J ?* J 

4_Uj^^=JI A-ajLaJj Cj|^Laj_a^3 ^_ AJ-jJI (jLa Ji-jr" i u 1 <j'H>- < -^' • ' L-""'^^J (j" (J fl J '^^ «L>-J ^^^JLcj 

.2jlj^>JI 4^-jJ jjj;Ll2J p^~~ LSeUll 4-q.Iajf ^_ a -y\l ^ j i^-.VI ^Lc '^>-3J (jl^-LUJj £ <Ujlj^>JI CjL>-j.}jJUj 



^ \ 







:<LaJuLa 

.(thermistors) j^^j^jiJl <_ik: jiiaj U ^Li^ jikUl Ijla ^j .(i^LuM-Jl LajUil^j^ Mi«) 
Negative iJUoJi sjij^-Ji a^-jj <>U-«) NTC cjUjH* ^ Uj^ <jiLaj j^j^jin 
<>a >i^=l Lg-u-uiLuo^j oM^j^ aLuif ^ oUjLHl oju*>j (Temperature Coefficient 

(jjjLui! aJ^cIlujJ CLui&ji)-u\ ioLcj ^ 0""tH 4j I ^JJ-u^a^-u ' ^J-^* " ' •'*'*■ Cy a 3 -4-UjmJU 4-ajL<m Cjl^ILa^a^j 

. NTC-prODe (_£jlj^>JI Cjl'mij-apJI AljLsr"mb 4-uJuta S.Ua »jl>»- ^>-J-5 (J-"^ ♦♦♦ 

ol" i Mj^apil LajLHl L^j. (Thermometer) ^jlj^Jl ^Liui «jlj_>. ^».j-j £s>l«ji ^wia /<u.uj ♦♦♦ 
NTC-probe. >l jLa-'mL 2jlj^>Jl i»-jj <>"L^ ^- ,wl *'>^^ i>"W^ j-f^ 3 * *j^' jt - a *♦* 

*\ JlJt" i iiL) <Uj/Lill 4 <U-d-ll ' LjJ-ljlJLaj JN lV_/ _ prODe a I Jujr" i nU 4_uJul>s 4_>ijj_<lu 2jIjj>- 4^».j-S (j-ul_jJ9 ♦$► 
NTC-prObC^jlj^JI Cjl"mij.ap]l 4-ajl 7m \ sjlj^>JI <L»-j.i 4J9M-£. (jr btia (<u-uj ♦♦♦ 




. U - 







. (NTC-probe) ujjij^Ji oLl^j^hi - \ 

■ V a" ) rl O )Lp (J ' _ ) L=3 a I • 

.jjj^al Y / oJ^S ^ j q"i i n a 2jJiJ9 jju^a^a ~ ^ Y 

.SjIj^kJI 4_»-jjJ (J-UjO ^jj/LuLa - ^ Y 

.(^HJ-a^t ) JJutLa (^-ijfi^—i <j-"Lf9 jW^ ~ ^ ^ , 

.CjLJ_a^=JJ Ct-LiTijj ' '^^~^;"^ jL^j - ^ "^ 

:<U^suttl Oljlai. 
: 4_JLjJ1 fu2]| aLclj-a x_a (Y) plj J^— .Ul IL. l_a^= Cnmtl jL^j 4 '~'t''j^— ^ f-xa^ell a2~ \ 

reference ) ^y^jJ.1 j^>JI ^-li^aj I=const j^. Cr Ju2l\ j-^X MODE ^bA* ,U..>,l- y 

.INT ,jc. (voltage, Vre F 
j-^ai,l rj^ti (multimeter) jl^>j l (j-uLuia J-^jj aILLji jj.^a j^tUab *s ♦> 

.jjj^al (JLa ^ 4.a-L3 (JLc <L)j_3tltl ila-La-Je^a ^_ 7c_iisj_a jjt I -^^ i Yj ^ 4 La 2 * 1 1 (j-u jLpJ' aj-iLt.a-1 (<wS ♦♦♦ 
.(»jjI jJQ j a" i u a jLu j. > ua^a) <LcL_uJI ujjLLtt J a ^^— i !l »L>o^l '£— U Jl#j>JI /<u-oJLa SLsol Jajjisl ♦{♦ 

tj—ILlIL^a (J^LlSjI j '^— » a aj-lLt-a-l (<kJ3 - Y 
.(cJjJS > Llo )iu*jVl J\ (DIFF.IN)j.^-ill Jiljba J^=J ♦ 

^jUJl cJ«iij OFFS.ADJ .Uj^lj ^ ^ (Gain switch \....^ti ^.Li^a i*js ^# *& ♦> 

, \ ♦ * • (_ylc ( 1 1 ■<^-»tl -»-r. A ^ 4-a-Lfl >x«J aLclj_a *_a 4-SjI . nil d) I ajaj^j I JJ^=? ♦♦♦ 

j«u ^j j-a.^ (^,1^. ( Heating control) ^jlj^Jl p^— — ill *-^j sLclj-a »_a sjIj^>ji j"^^* ^ - £ 

.(_£jlj^>JI (j-^ r ' ""^ (Jj^^? 1 ^' 4r SLLulII (<ul2JI i. 1 1 n ^ (jyic. x-iisjJI tla_Lua\ 

.^jlj^JI Jj^-lII ^ ,„^—«tl i_uJpJI '2- 12^LuA\ SjJa^Jl jij^— - 

. Jj^xlllj tJ-LJr 1 1 "it I S-tlaJLJ (j-uJLltl (j-djJu>JI «LujlJJ («^ - "^ 



>f 









^uuU^uJIj 4*s; Jjij JU4J 1 3i4aJVl 





(NTC-probe) ^jlj^JI >i^j^>ii! SoSL^aJI cj}Lu^ji!! .ut^~„ : (y) ^j j^-,,i, 



^ i 













:i_£jlj^>JI OQjj/j^a^lLI tJ-LJr i n'ltl 4_lLi£. ♦$♦ 



u a ,v 
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:i_£jlj^>JI OQjj/j^a^jJLI Jj^xlII 4-J a-£ ♦$► 



u a ,v 


v a ,°c 


(*>se ' u\\ p^~~* >< ' ilJjui 
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.<L)j_3ti!l 7tjLjJ (JM->- (j-« r-jL>JI oJjjUIj <Lij/Lail ajlj_>JI 4^»-jJ jj^- 1 2j_lLtll (_y^e_La /<u-ujl - V 

tjj-^JLlJ' (j-djj^>JI (J^L>- ^j^a a-Jj^I («_l5JLi <L-uLim (<u2JI 4JjLL<ij <£- A 
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<_jjJllU CjuojjaJLa 



^A 









oLcL. Y : SjlJtaJI ^k UjdZU J^^ill u^>JI 
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»JLA4 



(JlLo Tciisjlj. 4 ii I" se U 4_icLL^i]| CjLJUjlII ^_ jjjjLlSJI ' 1 1 '-"■""' ^_jjJI Cj l^-iiTiX I /«_a>l Jl>-I 2jIj^>JI <L»-j.} j_lL*j 

. sjIj^kJI 4j>-jJ (jy Ll *\ •'/-— 4^-jJlJ JlaIaJ (Jill 4-ul_L»-t^aJ| CjLjJUjlJI j^k <_lUj ( _ ;r Ll 

J^al_^>JI (J-Iu3 4_UUJ_uiJI sjLU CjzU>- I a !"»-»■* 4-1 La- "i ml aIJlJt" ml /<u_) 4_JL3 SjIj—TkJI 4_»-jJ ^jj/LlSJj 

. 2jlj^>JI 4_»-jjJ CjljLiJIj (JjIj i ntlj 
4_uj^^=JI 4_ajUm I|_j_ji2JI J CjIjUlIIj Jjljintl fft-^v -iLojIj Jliill J J J'" (jr^ 1 iiL-aJI 2-iLU JJlxjj (jLa 
-S'j-tl ^jLjj 4-1 La- " i nl (_ylc 4_liuJ VI Jl>-I j-p-<-> (j" aiHseA {jMjjua ^j-a £* ^— > I ■ ■■ ^j-u ^jj/LLII (_£jIj^>JI J j >< 1 1 a 

■ sjl>~u 

.SjIj^kJI 4j>-jJ ^jjjLlSJ p^-»-»-"tl ^Uii ^_ a *i\l ^ j ,^-.Vl ~|_C «L>-^J (jlj_ujuj £ 4jjIj^>JI CjL>-j.}j_tlj 



r . 







ikiULi <_3jU! ! ju* (jr «-^J ji-Vl L-SjlaJI <>a £$liaj (Hot-jUIlCtion) SjUJI ikiULi L-SjlaJI 

.^Uo ai^Lj J>U. <>a L^Lis jljJLl 2 judl Jl J^^il cJbjlaJ! yb d~p- (Cold-junctioiDSjjLJ! 

LoIaA aj ^", , „ ^ j-i£. aJL>JI 0-)L^= I M "j 2j ■ •■ a «GjIjj>- <*j>-j.} JU^""*" (jl t_o.J sJijLlJI 4 La 2 * II i_3jJa 

.(compensation lines) L y*±$*ii\ lL^. *l 



lJ.se.Lml 



.(_£jlj^>JI TTJ-ij-U aI JiitL-ul_) 4_uJul>3 4jtlaJa 2jlj_>- ^-J-^ <J-°^ *♦* 
.^jIj^kJI rjJJ-«-!J Sj-jLt.1,1 (^y-btia rt-i-uj ♦$♦ 

.(_£jlj^>JI TTJ-ij-U CjM^j-'-^J^ <J-a-*J 4_aj}U' A j 'J J ^~* 1 1 »jjI jJI »1 mi<] /<uj i_3jjjj ♦$► 
A-i-uLSJU 4 1^» l£11L) LgjJjlJlaj (_£jlj^>JI TTJ-ij-l' a! jLgr" i iiL) <LuJul>j <L>ijj_ilu ajljj>- 4_»-j.} (jj/l_iJ9 ♦$► 

.(_£jlj^>JI rj-ij-al! ajjLti.1 (jy i=tia (S-i-uj ♦$♦ 

tnenno-) ^jlj^Jl cJ^aJi j^Jjj fj^-a j^^ a^l ^jIj^ji rj.s>U AijidmL «jlj^>J! i>.jj ouLj^ 

.(Cold-junction) ;->jUl ik2ij| Sjlj^ i^jjj 



U M =U e +AU 



n 






hot-) sjL>ji ;U3;H Sjlj^. i>.jjj (Corrected thermo-voltage) £^=d! L $ J \ J ^\ ol^jl = U M 

.(junction temperature, v M 
cold-) "ojLJl iUy,\\ ^.jj ^1 jl^i (Measured thermo-voltage) ^Litl ij;j|>>Ji 0X^11 =U e 

.(junction temperature, v v 
Temperature of ) s^jLil a^ini Sjlj^ a^-jj, <j^> SjLh^ 1 tip* 6^ g 3 ^ iSjb-^ 1 cJoAll = A U 

(Reference temperature, v b ) ^>-jX\ »ji>>Jij (cold-junction,v v 

• v b 

CjJjjJJI 4 1^1 iLLHI CjI aselll ^_ (JjJl^>JI ^j^a aj_iiLj^a lj-53 V]yj 4.a.cS jjLa V b J V v ^jl i »"" Lajtlc ♦{► 

• A U ^jlj^Jl dJ^Jl JJ 
.(Thermocouple temperature probe) ^j!j^»J! ^jjjil - w 

.J a" ) n a jLu .J" '3 J '^~~' " - ^ * 

. J-LJ-al Y / O-J_0^ ^ j q"i i n a 2 J Jij9 j.li^a - Y \ 

.SjIj^kJI <L»-jjJ (j-U^a ^jjjLuLa - YY 

.(j I iL a -Li la ) J Jutla ^j^^-a (j-uLiS jL^->- ~ YY 

. Jjj^jj tiJM_^f - Y£ 



rr 









^uuU^uJIj 4*s; Jjij JU4J 1 3i4aJVl 




(T) /<iJ9j J 1 ^ I ifttJI ]|_ TC-iijjO Jjb 1 Q^-^ C^JJJjJI jUa! £_ CjLj^^=JU jt-Ll^JeTLl *JS 






}} 



7& 









s^_ 



<r» **T 



• s 



•O » 



"l :-h- 



If 



<>> -i' 



M/ 



--/|\ 



^r>J 



J 



Y/ 2 



I 1 * ». 



5a 

5S 



as 



S3 



Si 



l_£jlj^>JI 77jJj^JLI <LuLij^^=l!I Cj^Lu-ajlII JaJsaita : (T) ajSj ^^— • ud 



rr 







reference ) cy^-j-Ll j^>JI ^-l^j I=const ^ ^LaJlj-^a MODE ^-LlLs Ja., 



. INT ^ (voltage, V REF 

,j^al\ rjieJ, (milltimeter) Jl^>J I (j-uLuLa J-^JJ ^3^ ^ ° (jr^ 1 *L»-^sj AlLLaJI jji^ia JiLJ, ♦{♦ 

.jjj^al (JLa ^ 4.q_l3 (_yic 4jj-3ejJI LLaJaicja ^_ •»■ .>-a j^k I i*^ Yj ^ ^ La 2 * 1 1 (j"*-> J4p^' Sj-iulxjj fi£ ♦♦♦ 

(ajjl jJJ j o" i n a jLu j. > ua a) lull - nil ujjLLtl ,J^aL^= <>L>JI '£— U Jl^j>JI p mJLa <>L>JI i La j i a 1 ♦{♦ 

tj^LlIL^a i^yu LlS 11 j '^— » a aj_iLt-a-l pJS ~ V 

.(eJ^j^x^ )Lu^jVl J! (DIFF.IN)jr^ll Jiljus <>=j ♦ 

jjUJI cJ^au OFFS.ADJ Ja-u^lj \ Jlc (Gain switch \....^ti ^iia* iu^ ^ ♦ 

. ^ ♦ ♦ • j^JLc ( ....^-.tl ^-Llia 4-a-Lfl j-tij 2uilj_a *_a 4-SjI > nil i - 1 1 a La -•- 1 ' JJ^=? ♦♦♦ 

^jUJl sjlj^Jl i^-jj 4- r <^--tij ( heating control) i^jij^Ji r ^~~" .UuM ♦> 

.j^a ^(cold-junction) ^jLJl UaZil] (ambient temperature control, v y ) 

jiii^ (_£jL_uJ OjLlJI 4 La-SJLJl 4->-jJ (jz 4_l>-jL>JI sjIj^kJI 4j>-jJ (_jk ajL>JI <Ua2-LJ I SjIjj>- 4_»-j.} ♦$♦ 

Jl U T J^>JI f w. rtfl jjjJuj ^ SJjLl!! 4Ja2^J (COlTeCtion bOX) ^pe-ua^l JjJlI^ .Ia.LL^J ♦ 

.()*** j '^— » LI ( ....^-<) dJ^S ^ = U e ^jl i ill jru-a-uiLI oe-\j^ •"• • ' ■"■" (jl 



ti 
















V = OC: i&^ CjUsLjjVI; = v u ^v,tl 


2j UJI 




Lr^W-J- ! '> La > a > L! ' 


jLg-»- ilajtll f-^J-a 


v m 
°C 


Ue/1000 
mV 


°C 


°c 


CjLJ9j)j_<2]l (jjjLuLa 





























































































a^-jjj (Measured thermo-voltage,U e ) ^Lai Lpij^ii <zAyA\ c^ o>>uji ^,1^ ^j\ - 

.( Hot- junction temperature, V M )SjUJI ;U3;tl Sj 



r» 
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oL^JU! 







tcJja (jrii« ^ * j * u^ ^ P^ l^j'j^' £J- i J- ,J -^ (j^ajL-sai. :(i\<sJ9j L }^—< i~" 



tl 
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Tenp, 
°C 





1 


2 


3 


4 


5 


s 


7 


3 


9 










Tharmc 


-voltage / #V 
















39 


79 


119 


153 


198 


233 


277 


317 


357 






10 


397 


437 


477 


517 


557 


597 


637 


677 


713 


758 






20 


793 


£33 


67? 


919 


960 


1000 


1041 


1031 


1122 


1162 






30 


1203 


1244 


1235 


13ZS 


1366 


1407 


1443 


14S9 


1529 


1570 






45 


1611 


1652 


1693 


1734 


1776 


1317 


1,853 


1399 


1940 


1931 






5 -J 


2032 


2064 


2105 


2146 


2133 


2229 


2270 


2312 


2353 


2394 






60 


2436 


2477 


2519 


2560 


2601 


2643 


2634 


2726 


27*7 


2509 






7C 


2S50 


2372 


2<ra 


2975 


3016 


3053 


3100 


3U1 


3133 


3224 






eo 


3266 


3307 


3349 


3390 


3432 


3473 


3515 


3556 


3593 


3639 






90 


3635 


3722 


3764 


3305 


3347 


3333 


3930 


3971 


4012 


4054 






ISO 


4095 


413? 


4173 


4219 


4261 


4332 


4343 


'4334 


4426 


4467 






113 


4503 


4549 


4590 


4632 


4673 


4714 


475 5 


4796 


4337 


4373 






120 


4919 


4960 


5001 


5042 


5033 


5124 


5164 


5205 


5246 


5237 






130 


S3 2 7 


5368 


5409- 


5450 


5490 


5531 


5571 


561i 


5652 


5693 






140 


5733 


5774 


5H14 


5555 


5 395 


5936 


5976 


6016 


6057 


6097 






150 


6137 


6*77 


621 & 


6253 


629 3 


6333 


6373 


6419 


6459 


6499 






ISO 


6539 


6579 


6619 


6659 


6699 


6739 


6779 


6319 


6359 


6399 






170 


6939 


6979 


7019 


7059 


7099 


7139 


7179 


7219 


7259 


7299 






ISO 


7333 


7373 


741 a 


7453 


7493 


7533 


7573 


741 S 


7653 


7677 






190 


7737 


77/7 


7817 


7357 


7397 


79i7 


7977 


3017 


3CS7 


3097 






2C0 


8137 


3177 


3216 


3256 


BZ96 


3336 


S376 


3416 


3456 


8497 






210 


3537 


3577 


3617 


8657 


3697 


8737 


3777 


3317 


3357 


3893 






220 


8933 


3973 


9013 


9053 


9099 


9139 


9179 


9220 


9260 


93CO 






230 


93 41 


9331 


9421 


9462 


9502 


9543 


9533 


9624 


9664 


9735 






240 


9745 


9736 


9S25 


9667 


9907 


9943 


9939 


10029 


10070 


10111 






250 


10151 


10192 


10233 


10274 


10315 


10355 


10396 


10437 


10478 


10519 






260 


10560 


'1060O 


10641 


10632 


10723 


10764 


10 SOS 


10346 


10837 


10923 






270 


10969 


1101O 


11051 


11093 


11134 


11175 


11216 


11257 


11293 


11339 






230 


11331 


11422 


11463 


11504 


11546 


11537 


15 623 


11669 


11711 


11752 






290 


51793 


11B35 


11376 


ii9ia 


11959 


12000 " 


12042 


12033 


12125 


12166 






3S0 


12207 


12249 


' 12290 


12332 


12373 


12415 


12456 


'12493 


12539 


12531 






310 


12623 


12664 


12706 


12747 


12739 


12831 


12372 


12914 


12955 


12997 






320 


13039 


noao 


13122 


13164 


13205 


13247 


13239 


13331 


13372 


13414 






330 


13456 


13497 


13539 


13531 


13623 


13665 


13706 


13743 


13790 


13532 






HO 


13374 


1391S 


139S7 


13999 


14041 


14033 


14125 


14167 


14208 


14250 






350 


14292 


14334 


14376 


14413 


14460 


14502 


14544 


14586 


5 4623 


U67Q 






340 


14712 


14754 


14796 


14333 


14S30 


1492 2 


14964 


15006 


15048 


15090 






370 


15132 


15174 


15216 


15253 


15300. 


15342 


15334 


15426 


15463 


15510 






330 


15552 


15594 


15636 


15679 


15721 


15763 


15305 


15647 


15SS9 


15931 






390 


15974 


16016 


1605S 


161 00 


16142 


16134 


16227 


16267 


16311 


16353 






too 


16395 


16433 


16430 


16522 


16564 


16607 


16649 


16691 


16733 


16776 






410 


16318 


16 8*0 


16902 


16945 


16937 


17029 


17072 


17114 


17156 


17199 






420 


17241 


17233 


17326 


1736S 


17410 


17453 


17495 


17537 


17530 


17622 






430 


17664 


17707 


17749 


17792 


17334 


17376 


17919 


17961 


18004 


18046 






440 


iaoss 


18131 


13173 


11216 


13253 


13301 


18343 


13385 


18423 


13470 









U v_/ 4_L*i>.j_a 3jIjj>- 4-»-j-i JlIc JV pjj i (_£jlj^>JI 77JJJ^JLI 4_u_uL_uVI (CJJiJI . \ 



rv 
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Temp, 





1 


2 


3 


4 


5 


6 


7 


a 


9 










Thermo- volt age / jtV 










450 


13513 


13555 


13593 


13640 


13633 


13725 


13763 


1B310 


13353 


18895 






460 


wia 


13930 


19023 


19065 


19103 


19150 


19193 


19235 


19278 


19320 






470 


19363 


'9405 


19443 


19490 


19533 


19576 


19613 


19661 


19703 


19746 






430 


197SS 


19331 


19373 


19916 


19959 


20001 


20044 


20C66 


2C129 


20172 






4M 


202 14 


20257 


2029? 


20342 


203 35 


20427 


20470 


20512 


20555 


2059S 






5C0 


20*40 


206 S3 


20725 


20763 


20311 


20353 


20396 


20933 


209 SI 


21024 






510 


21064 


21109 


21152 


21194 


2123? 


21230 


21322 


21365 


21407 


21450 






520 


21493 


21535 


21573 


21621 


21663 


21706 


21749 


21791 


21334 


21376 






530 


21919 


2l?62 


22004 


22047 


22090 


22132 


22175 


22213 


22260 


22303 






S4C 


22346 


22333 


224J1 


22 473 


22516 


2255? 


22601 


22644 


226E? 


22729 






sso 


11112 


22315 


22357 


22900 


22942 


22935 


23023 


23070 


23113 


23156 






560 


23193 


23241 


232S4 


23326 


2336? 


23411 


23454 


23497 


23539 


23532 






570 


23624 


23667 


23710 


23752 


23795 


23337 


23330 


23923 


23965 


24008 






530 


24050 


24091 


24;34 


2417* 


24221 


24263 


24306 


24343 


14391 


24434 






570 


!«76 


24 519 


24561 


24674 


24446 


24659 


24731 


21774 


24S17 


24559 


j 




600 


24902 


24944 


24937 


2502? 


25072 


25114 


25157 


2519? 


25242 


25234 






610 


25327 


25369 


25412 


25454 


25497 


25539 


25532 


25624 


25466 


25709 






620 


£5751 


25794 


25336 


25379 


25921 


25964 


26006 


26043 


26091 


24133 






630 


26176 


262 T 3 


26260 


26303 


24345 


26337 


26430 


26472 


26515 


26557 






44 a 


Z6599 


26542 


266S4 


26726 


26769 


26311 


26353 


2i394 


26933 


26930 






650 


27022 


27065 


27107 


27149 


27192 


27234 


27276 


27313 


27361 


27403 






640 


27445 


27437 


27529 


27572 


27614 


27656 


27693 


27740 


27733 


27935 






670 


27 367 


27909 


27951 


27993 


28035 


28073 


23120 


2S162 


23204 


23246 






630 


232 33 


23330 


23372 


23414 


2S456 


28493 


'854C 


2C533 


23625 


23667 






690 


2370? 


23751 


23793 


23835 


2S377 


23919 


23961 


29002 


29044 


290 36 






700 


29128 


29170 


29212 


29254 


29296 


29333 


293 30 


29422 


29444 


29505 






710 


295 47 


29539 


29631 


29473 


29715 


29756 


29793 


29340 


29382 


29924 






720 


27965 


30007 


30049 


30O91 


30132 


30174 


30216 


30257 


30299 


30341 






730 


30333' 


30424 


30466 


30503 


5054? 


30591 


30632 


30674 


30716 


5 075 7 






740 


30799 


30340 


30682 


30924 


30965 


31007 


31043 


31090 


31131 


31173 






■750 


31214 


31256 


31297 


31339 


■ 31330 


31422 


31463 


31504 


31546 


31557 






760 


31629 


31670 


31712 


31753 


31794 


31836 


31377 


31918 


31960 


32001 






770 


32042 


32034 


32125 


32166 


32207 


32249 


32290 


32331 


32372 


32414 






730 


32455 


32496 


32537 


32573 


3261? 


32661 


32702 


32743 


32734 


32E25 






790 


32846 


32907 


32943 


32990 


33031 


33072 


33113 


33154 


3319S 


33236 






300 


33277 


33313 


33359 


33430 


33441 


33432 


33523 


33564 


33604 


33645 






HO 


33634 


33727 


33763 


33309 


33350 


33391 


33931 


33972 


34013 


34054 






120 


34095 


34136 


34176 


34217 


34253 


34299 


34339 


34330 


34421 


34461 






830 


34502 


34543 


34533 


34624 


34665 


34705 


34-746 


34737 


34327 


34863 






340 


34909 


34949 


34990 


35030 


35071 


35111 


35152 


35192 


35233 


35273 






950 


55314 


35354 


35395 


35435 


35476 


35516 


35557 


35597 


35637 


3567S 






S60 


3S71S 


3575S 


3579? 


35339 


35830 


35920 


35960 


36300 


36041 


36031 






870 


36121 


36162 


36202 


36242 


36232 


36323 


36343 


36403 


36443 


34433 






aao 


56524 


36564. 


36604 


36644 


36684 


36724 


36744 


36304 


36344 


36335 






650 


569Z5 


36965 V 


37005 


37045 


37035 


37125 


37165 


37205 


37243 


37235 
| 
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ta 









































Tenp. 
°C 





1 


2 


3 


4 


5 


6 


7 


s 


9 










Thermo -voltage / %V 










900 


37325 


373*5 


37405 


37H45 


374S4 


37524 


37564 


37604 


37644 


37634 






910 


37724 


37764 


37303 


37S43 


37333 


37923 


37963 


33002 


33042 


33032 






920 


35122 


33162 


33201 


3S241 


33231 


333 20 


33360 


33400 


334J9 


33479 






930 


33519 


3355a 


33593 


33633 


33677 


33717 


■ 33756 


33796 


33336 


33375 






WO 


33915 


33954 


33994 


39033 


39073 


39112 


39152 


39191 


39231 


39270 






950 


39310 


39349 


39338 


39423 


39467 


39507 


39546 


395SS 


39625 


39664 






960 


39703 


39743 


397B2 


39 321 


39361 


39900 


39939' 


39579 


40013 


40057 






970 


40096 


4C136 


40175 


40214 


40253 


40292 


40332 


40371 


40410 


40449 






933 


40433 


40527 


40566 


40605 


40645 


40634 


40723 


40762 


40 301 


40340 






990 


40679 


40913 


40957 


40996 


41035 


41074 


41113 


41152 


41191 


41230 






CCO 


41269 


41303 


41347 


41335 


41424 


41463 


41502 


41541 


41530 


41619 






1010 


41657 


41696 


41735 


41774 


41313 


41851 


41390 


41929 


4196 3 


42006 






1-32 


42045 


42034 


42123 


42161 


42200 


42239 


42277 


42316 


42355 


42393 






103 


1.21.12 


42470 


£2509 


42543 


42536 


42625 


42663 


i27 = 2 


42740 


42779 






1040 


42317 


4235 b 


42354 


42933 


42971 


43010 


63043 


43037 


43125 


43164 






1050 


43202 


43240 


43279 


43317 


43356 


43394 


43 432 


43471 


43509 


435 47 






1060 


43535 


43624 


43662 


43 7 GO 


43739 


43777 


43 315 


43353 


43 351 


43930 






107-3 


4396S 


44006 


44Q44 


44032 


44121 


44159 


44197 


44235 


44273 


44311 






1010 


44349 


44337 


44425 


44463 


44501 


44539 


44577 


44615 


44653 


44691 






1090 


44729 


44767 


44BG5 


44343 


44331 


44919 


44957 


44995 


45333 


45070 






1100 


45103 


fcSHfi 


45134 


45222 


45260 


45297 


45335 


45373 


45411 


45443 






1113 


45436 


45524 


45561 


45599 


45637 


45675 


45712 


45750 


45737 


45325 






1120 


45363 


45900 


45933 


45975 


46013 


46051 


460 BS 


46126 


46163 


46201 






1133 


46238 


46275 


46313 


46350 


46333 


46425 


46463 


46500 


46537 


46575 






iKfl 


46612 


46649 


46637 


46724 


46761 


46799 


46336 


46373 


46910 


46943 






150 


46935 


' 47022 


47059 


47096 


47134 


47171 


47203 


47245 


47232 


47319 






1160 


47356 


47393 


47430 


47443 


47505 


475 42 


47579 


47616 


47653 


47639 






1170 


47726 


47763 


47300 


47337 


47374 


47911 


47943 


47935 


43021 


43053 






1130 


43095 


43132 


43169 


43205 


432 42 


43279 


43316 


43352 


43339 


43426 






1150 


48462 


43499 


4S536 


43572 


43609 


43645 


43632 


43713 


43755 


43792 






12(20 


43323 


43365 


43901 


43937 


43974 


49010 


49047 


490 El 


49120 


49156 






121-0 


45192 


49229 


49265 


49301 


49333 


49374 


49410 


49446 


49433 


49519 






1220 


49555 


49591 


49627 


49663 


49700 


49736 


49772 


4980S 


49844 


49330 






1250 


49916 


49952 


49938 


50024 


50O6O 


50096 


50132 


50163 


50204 


50240 






1240 


50276 


50311 


50347 


503 33 


50419 


50455 


50491 


50526 


50562 


50593 






1250 


50633 


50669 


50705 


50741 


50776 


50312 


50347 


50333 


50919 


5095 4 






1260 


50990 


51025 


51061 


51096 


51132 


51167 


512Q3 


51233 


51274 


51309 






1270 


S1344 


51330 


51415 


5H50 


51436 


51521 


SI 556 


51592 


51627 


51662 






12*0 


51697 


51733 


51763 


51303 


S1B33 


51373 


51906 


51943 


51979 


52014 






llfd 


52049 


S2034 


52119 


52154 


52139 


52224 


52259 


52294 


52329 


52364 






1300 


52393 


52433 


52463 


52503 


52533 


52573 


52603 


52642 


52677 


52712' 






1310 


52747 


52 7 31 


52316 


52351 


52S36 


52920 


52955 


52939 


53024 


53055 






1320 


53393 


53123 


53162 


53197 


53232 


53266 


53301 


53335 


53370 


53404 






1330 


53439 


53473 


53507 


535 42 


53576 


53611 


53645 


53679 


537K 


53743 






1340 


53732 


53 317 


53351 


53335 


53920 


53954 


539.33 


54022 


54057 


54091 































o°c 



4_Lt^j-a 3jl^J>- 4-»-j-i JlIc 



JV pjj i (_4jlj^>JI r-jJJ-sJLJ 4_u_uL_uVI (*J-ail .V 



T5 












:<_JjJlLM CjUaj^tlo 



r. 






•<jr^_2>^' J^—* >^l <-^li Or /Ml ;»ljL3tL-uL JjSJuJI qmI^i 4J>jjuz ',dj\JCtl\ 

4_JU£. f-\j->-"^ oaj>UI o>Lu-ajiII J-*£.j JjLJLI jj^juJI (j-uLiS ^4^= ^^ <_)jjuJtl <-flj-»jj (jf ttaldAal 






^JlIJI Jjlj«^j o"Lti! 4_uj^^=JI o>L-lojIJI *lj-^-j (jri^. Ij-iLs <_jjjlIU jj £aj (jl :3jlJU*J! uUi 

.<_jjL*j]| el>>-l J if Laj}UI La}L_a]l JlC.IjJ9 j^j^" ^1 £sLi-b^L) 



n 













( Flow Measurement ) $JiDI Jjuw ^Lia 



♦ <baJuLa 



.(JjL-oL! (—^jcaU Jj^JuJIj (_)iiJ^JI (j'jj^ - i ^ LC - (jr^ 1 ^-■vi-V^ Jj^JilJI I Jl±>j Lai .4j!uJjJI 

(van-type meter) j^jjji ^Lis jl^. <y* ^-jLkJl sjLiVi ia>Uj jjjsjoji ^^i jju^ ^LSs ♦:♦ 

(JjjLlS JL^>- (j-« rjL>JI jjjjLHI > j*^-" *-« (v,) ) (JjL-uJLI (-.aj&AJl Jj^JuJI (Jj^*-1 Sj->L*JU ^^ylre-Lo /o i nj ♦$► 

.(Ua) (i^J^I 

.Jj^JuJI <j-"^ j^-4^ t — '^W^J-* (J-**^ <Laj}UI 2 jjj ^^- . tl 2jjI jJI »1 ifuJl /«jj i_3j^u ♦{♦ 

» * i a I , I (<ul5j LgjjjlJLaj ( JjL_aU Jj^JlLJI (JJula (0-3=^>- (j-ul_jJ9 ♦$► 

.(Ua) Jj^Ju-II <J-"W^ jW^ (j-* ^J^* 1 -" (j-uLail J (j ■> 1 1 *_« (V) (J^Jtlll JjuJ, 2j-jL»i,l (jy -be_La (<u-uj ♦♦♦ 



:5jjjasIL!l AJjJaJ 



Q - 
Q - 


V 

t 

V • 60 


t 



f\ 3 I <a V ' 4-fr-l£ / ( 4-1J ( n ■> I, I 4-<1-l2J 



.(<LLl2.}) (jr qjej>JI Jj^JuJI fjjij : t 

P<itn\,\ i*j&) = (Deviation)LkiJl 



rr 







.(Flow-through meter) ^aUl ^Lis jl^. - > 

.(Flow-through measuring amplifier) ^jjji ^LSj ,*=-,« - y 

.(Rotameter) jIjj, ^l^j - x 

.(Filling tank) 11^3 &\j±. - 1 

.(Pump )onno - 

.(Set point value) hjLjX\ <+ i 2}\ sjl>.j - 1 

.(Multimeter) j^^Jl^LisjL^ - v 

.(power supply )0>LL j,j> - A 

.(Stop watch)e^33 4^L* - \ 



rr 









^uuU^uJIj 4*s; Jjij JU4J 1 3i4aJVl 







i£ 



a 




+ 0- 



r 



-O— 

-o o — 






/ 



T 



ki Ro*Hhouph m;l 

<: SB 



s. 



IT 






V 



© 



•4^^7^-g) 



Filling lank 



t 



JE 



o 



fieetptacle with pump 



(Jj^JiIlII <J-"^ jt flaJ <Luj^^=JI Cj^Lu^sjIlJI JaJsaita : (0) <£j J^— ifu 



rt 













XjjI >,i = *u*\* J^=) a^ ^ • £_U3jV (volume) ^««JI j>jj^> ^ - y 

.4J9LL2JI j.i^a Jj< iVm pJSj 4-LLt.a 4jjLj 4-»t-^ (jr^ 1 v^-i^J-M <L<t_ui] I )(Ji>. jJ I ajLil i La j i a I ~ t 

Q = V/t. <Lfl}U]l J>U ^ cr.^^1 JpsjCLtl JJ^ <-..., -J - 1 

(i2j^j/jjj \\ = cJai \ 

.(^yJljjJI (jylc. '-^,5^ ^ * ' ^ ■- • ' aj 1 <Ji>.jJI ajLful j-tij *_a 4-Lil . nil dl I aiaj«j I J>^= ~ A 
pi uai, I CjI a Lai aJj L*_i3 LLa -•- 1 1 4nni (. 1 1 n^-lj ^^LlII (JjJu>JI ^_ p^jQlII ^-i-is ~ ' 



I U-Ltl 4 , , „ i 


(<LuL!i/^lJ) Jj^juJI (<^*->- 


(ILlSJi) (j-ajJI 


(cJaia) 








Y 








r 








£ 

















1 








V 








A 








<\ 



.^Jtlll (J-"Ll3 jLg-»- (j-a r-jL>JI (jj/LHI J (j -> 1 1 *_a J^JuJI Jjm-a (j-u i^^Ltll (<u-ujl ~ \ 



fe 












:<_sjjui,l CjUijjaJLa 



m 















rv 













( Pressure Measurements ) J3LJ! kiu± ^Ltfc 



: Awojlojj 



.4jjL>JI J^-* '"■ (_yic Jljjjju (_£Jl!I (JjI i ntl i La * • a I j '<* *lj-<-> 2j-2JI 0Jl4> (j! C-^v J^J 2jJ9 Li gjjl i gJl 4 l"^-» 

.«C±3Q^=aj (JjI i nil N jo^ f-Lojjl 4 La i ul aj <J_L)_L>o /<uJ JaJI LaJI I Jut 

:<L>jjas2j| jjjO i_3JtjJI 
. LLaJLuaJI (j n-a-a a I JlJt" i iiL) (Jjl i all lLsJi LaJI (JjjLlS ♦$» 
. i La » i a ! I <J-"Li^ J^-fl?*^ *J^^*^ *'j-^l *♦* 
ilaJI LaJI (_>u LjS jLg-»- (j-a r-jL>JI dJj-oJIj tlaji LaJI 3j-^ LJV ^^L*-^ (jr-^*-'-' ( <U - U J *♦* 

. i La * < a 1 1 (JjjLlS 4jj^>iJ Cj^Lll^jj (J-«-*J <Laj}Ul ^'j J^~' S >j| jJI s-1 cgjj /<uj i_3jjjj ♦$♦ 

. /Jsl 2j ■"■ > I i La » i ia 1 1 ^ n-a-a 2j_iLt>s ♦$♦ 
, La ♦ i a ! I <j-<jLl3 jLg-»- (j-« rjL>JI dJj-aJlj i La * < a ! I 3j-^ LJV ^^L*-^ ( <U - U J *♦* 



AP = Ah*p*g = 
[/ =AP#F =.... 

a a 



:4jjjje21| 4jj_LaJ 



..Pa 

y 



. jWaIj^^Ll^ ^ 



■tj-djl mil (j\j ilaJLLaJI JlJ-^ : A_T 

■(2^-aJLSI < ntl pLajjl ^j" i n a (J-V 3j-^ ^ Ad 

= <Ual« Y * SjIj^kJI <L>-j.> J rf s m aal",^— :P 
. AjJIVa "\,A^ = 4-U-ajVl i_uj>L>J| fjL_aJ :g 

Jl^aumL/cJ^ ♦,♦ 'A = 4J JjLHI cJfriU LLaJLLaJI Jjpsltl <>L*-a:Fu 



rA 







.(Differential pressure sensor) ^u-m.Vi .ki.Mi ^L^ . ^ 

.(Rotameter) ^Ijjj c^k 2 ^ - T 

.(Power amplifier)Q)LU j i^i « . £ 

.(Filling tank) iiuu ^Ijs. . o 

. S JlCI i n a a Se • a i ' f-ul . \ 
.iljjujl (jIjJkJ iaLfl-ii 4_u-ul_iJ9 JjjLjsj - V 

.i_sL5jI £cL-u - ^ * 



f* 









^uuU^uJIj 4*s; Jjij JU4J 1 3i4aJVl 







-O +^_ 



p 



7°- 



: ^ 



^J- 



/ 



S3 



~t— -9^rffl 



\- 



_0 0- 



Q 



© 



ss 



Filling tank 



o _ Mi o ° ° ; »- 



Receptacle with pump 



(JjI i ntl i La * • '■*• jjj/LjS jl^>J ** J 'j J *~~' ' 1 Cj^Lu-ajjJI i La La se a : (*\) (<v3j J^—* m 













J* 

Jljuj 4.C.I inll ujjLic <>L^>ijl '2— ^Lal_^= ^^- uaJJ 7-Llia jji /<uS AJsLLaJI -ij)j-« JJufuj s-UL) (J|j.JkJI ^Lai ♦{♦ 
4 _ 7 JLcl ^j_a LlaJi ' ia II (jj/l_jJ9 (_yjj_j.il pj_ il j a __J| (_---_ <-La-» t^aJl jjj—- (_>" -^" ' U - -*" mill I ^j_a s^_-- 

. t____>L>_i2l f-ia^- jj^a _5j_»JI J-uLt-al] _)l » ''*'••-_ /j^aJ (jlj_>JI 

4_J_ai«JI 4 --"At I ^^_a X2 ' *a * ' «a " _J"' J^M <_)j_j_I _)_»._.| (<u- (jlj— J»JI ) _ / ^ J~'Jj "V ?vJ- _ - a ( — J— *-* *♦* 

_)j__J,l jj-u-2 /<uJ l__jj__3 (<i_a ^ * * J! (J|j__k]I }4_~l . /— ia-i uJI 4 ge-_-tl ^j_a <_jj_j__M JjJLclj (jlj—itil 

(_)-==» mlj ^ YO = O-jii rj-stXI JtJ£. cJoi) ^ * 4.a_LlI ^ YO * .Ui.^tl jj^-j d-po 

pl___jVI j it\ I J__>j jl_ui- zl <___ajj| _L_ a_._o_»-_a^a ,jj^~~ '"' _pl i nil 4_uj__=_ ,_)^* ' sj->L*-tl J___ i_a_- * ♦$► 

. LLaJLuai! I___lj^a jj^~- _' _$Jl!I • La __1 
i La » i a ! I LiU j _)}l_- (j-a <- 1 1 n^-lj aI La-JI j 2- ■ ■■^ jLLajJl s^ls Juu All 4.a_cS _}Jl»- ~ V 
.(r'u) Jdi^ 56 -^' JjaLta ^Ijiitlij/I (J^L>- (j-« LLaJLial! (JjLHI dJ_a^JI Lxua.| ~ I 



cJ^i U a (V) 


3> AP(Pa) 


3^ Ah(m) 

J5UJI ^Li3jl 


2 'j^j M 2 ^ i5tl 








V 








A 








<\ 








W 



, U» ,^tl (jj/LiS jL^>- (j-« rjL>JI dJjAllj LLaJLuaJ I 3j-^ Dv ^^L*-^ (* JdU J^ ~~ "^ 



t \ 












:<_sjjui,l CjUijjaJLa 



it 






*lj_^^/ 4_aj>UI Cj>L_i^j1II J-<l£.J JjLt^JI ^jTi-L-u-a <j-"L-f9 4_uLt^= ^Az. ujjJl^II L-aj-tTiJ (jl 5 kjlJL^tf I 

7. \ • ^^b Sjl^Jtl oL^l Jl vj^I J^ of 5 u^IWUIaVI ^>Lfb« 









if 







(Level Measurement) JJUJI^>u^^Ll^ 

: <LaJuLa 
i^lj^al j>_Lqj>. jj^a i La » i a 1 1 (_p3j_tL) (JjI i aJl ^ a g i ilaJi LaJI j_iL*i /-^3ljju ■ "jj LfrJI <-Laji LaJI (J^L>- (j-d 
(Jjj-La j]^ 1 (J-" ' *"' bj-»g 2jJS JJij AJjIj^a j gjjl i aj| vji<* pLjjjl «LLc /tj-b (j* La » i a 1 1 (j-u (jjj-iitl . ±2 J "l 

■ (Jjl ) ntl (_gj)"i I n a (J)>^ **l>^ O^""* 1 ' (_ 3 J'-^'- 1 ' La * • -- 1 1 2jJ9 

(JjI I ntl i^J~( I n a (J-uLl3 ♦$► 

. ila_» uaJI jl-Lt.1 2j_i1jl>s «.ljj>.| ♦$♦ 
. (Jjl i ntl |_£aIu_aX 2j_)L*J,l ^-L^-La (Ci-uj ♦♦♦ 

: <U^*jJI ( In ir^j 
. (JjI i ntl ^j" i n a ^jj/LlSJ <Laj}Ltl «Li l) j ^— 1 1 1 Sj^l jJUl mi )l /<uj i_3j^u ♦$► 
.(JjI i ntl ^gj" i ii a (Jj/1_l9 4-J aX «.Ijj>-2 i La » i a 1 1 jL-Lt-a aj_)L*_« ♦$♦ 
i La ♦ i a 1 1 jL-Lt-a ^j^a r-jL>JI J g ■<- S I a (Jjl i ntl igj" i u a ^j-u 4J2^L*JI ^^ylre-La («-i-uj ♦♦♦ 

: <JjjseHII AjjJaJ 
pe-La-m (_yic ' La » i a 1 1 j '" I J JjjjJa ^^j£. LlUjj (Jjl i ntl ^j" i u a (JjjLlS aJM->- <j-° ^j^— ■ i ) r-j" ii a <jlj^>- A I JlJt" i «u 

a piezo-resistive overpressure ) j^ljJl ,u;.^n jU^VI <*jLi« jL** Liaj^^J Ijj .JjL^ji 

i U« . :-tl jl_Lt.aj (^jj>JI i La » i a 1 1 (_p3j_*^a jjIjJkJI CjL^tl2 Jl>-I /yic- JaJLJaJI jl_Lta ja^a ) <^.,_l>.j (2ctU2e 
JaJLLa (_yic (_^jjJ>o /jJ-tl ' La » i a II CjljLful Jjj/jj i^JJI (_pl i ntl JajLia daa. x_a Jj^sjILa ^jj^^fl 4 -»"Atl ^ylc 

.(_^jj>JI LJaJi LaJI a (JjI i ntl 



$ i 







(Differential pressure sensor) ^Ui^^l .U;,>,tl ^L^ .^ 

.(Power amplifieDOiLU j i^-. a . £ 
.(Filling tank) 11^3 ,j\j±. . 

■ a JlCI i n a * be i ia i ' «ul . \ 

.iljjuJI (jljJ>J iaLLi <Lu-uLjJ9 Jjjl-isj - V 

.4_)^C.j_tl 4_a_ui]l a Jl>-j . A 

.(multimeter) j^l ^Lia- 1 

.A^LLaJI Jijj_a - \ * 

ciji-illjLUI - U 
.(full scale deflection) ^ (pump controller) aj^ii ^v; ,Um>,i - r 

.(_)_^jj^LI 4-jlfl 1 oJI A^elLaJI (JLoJsLi (<k-Sj 4-llClI I (jlj^>J <L)jl*JI *> -»". Atl (J^L>- ^j^a ^jjjLlSJI <_)_oj-)I (_)i»Ol - V 
4 1 i nitLi JaJi 1 a II i _yul_i^ jl_^>J j a uaJI ^ LaiL) lLs-i La I /<u3 /yj^JI {j-a oj1!l£ J-xj «Lse uaX\ Jjt i""n /«J9 ~ 1 

P = 0,U A = V 

CjL.uLui!! ^Juo aj_iLt<jj (<^9 (<U (j-^J 4-ldlLI I (jlj^>- lt^- (mm-SCale)(j-uLui]l TTjJ^ z*- 1 ^ 5 ~~ ^ 

.(jlj^Jl 2 jlcISs <>a ^ ^ o < ^^i^a J! jlj^J! a!l*j J}U. <>» (measurement range) 

.( A n ) (jji i ntl ^j" < n a fj^i 3j-^' **'j-^ (*^ ~ v 

.(Ua )(j-"L5ll rj^" LtaJLLaJI J}L>- jj-a .Ui.MI j>j^ - A 



C«=^'200(P«/V) 



is 









^uuU^uJIj 4*s; Jjij JU4J 1 3i4aJVl 




J 




z_ 



X 






A 



K 



v 



- -^ 



© 



s. 



O 



S 



Rliing link 



C 



Hecepiacle with pump 



(JjI i nil ^j~ i ii a jjj/LlSJ ** J 'j j ^~~* 1 1 CJ^J-J-i-aj^!' LLaJaJeja:(V) (<kJ3j J*— t '■ 



f\ 













tAjJLlII iJS^LtJI ,»ljiitL-uL) <JjLjJI ^j~ < u a (J-L) <Jj-aJI i^jJL>s (J^L>- jj^a LlUjj LLaJLuaJI i_i 



P Cfl / = Ah» p» g 



; aJLLjJI Cj«.ljJi]l (J^ii>- <j-a (jyJLlII (JjJl^>JI ^ L iaL ) /<U 



(Pa) P cal 




(mm) A h 


r-jL>JI dJ^aAll 

(V)U A 


(mm)H 










^o« 










U* 










\x> 










u- 










n- 










w 










v 










A* 










V- 










1- 



tjJjLcoJI igj" i n a (jj/Lui! i La » i ia 1 1 jl_Lta aj_)L*_a - \ \ 
.dJ^S ^ * (^ylg. jIiLa-Lilt, I as-1^9 lLs.j uaj /<kJS j /<JLa ^ * pLajjl ^1 jjIjJkJI ^Lal - 



iV 













: ^LUI JjJ^JI %*\ ~ W 



H(mm) 


Ua(V) 




1 




Y 




X 




I 









1 




V 




A 




<\ 




\* 



.(U A ) £jL^i Js^Ji t* (H * <J SLuJI t^ 1 ^ >UJI <*"->' " ^ T 



£A 












ti—jjjjj,! CjuijjaJLo 



M 




4^3* 



_Uj^l 4 ^'-i" 



Vin)p llm)Villij.^inll pilnill nnlnllniiiiiir)nll 

gALUl jJjIaJj ftwaAl 3Ub)t 3jb¥t 






oUkiXI 



*3 



Y 




^ 



^^* 



^^ 



_AJ\ Sjom 



«J] Sbjis" j^ 11 i**!" 



u Willi plaim ^uuL«jduJlj ^uSyJg^JU&J I ^L«laJVl 2uuZJ 



.«_iis^JI (^Lu rfjaiil J<if j^*U .-.-L. Ajj/IjJ :3jIj^jI 



♦ . , _ fc . 



4_aj}UI Cj>L_i-ajlII J-O-CJ x_xis^JI (^L-S (oJa-Lil aIJlst" ml 4_uLi^3 (jr i£. u-SjjJLU i_3j^tb <jf Stf iJ^d I 



/ <\ • ^^b SjL^il o>-^l J I vj^il J^? ot ' u^IWUIaVi i>u*« 



j-^JI ^Lu pt\; <JJ 4-uj^aJI cj>L_^j1!I *Ij-^I ^^ Ij^Lis (-jjjlSJII jj^j <jf * Sjliaf I uUi 



s . 




u Willi ulijwr ^bLJL^ddJIj ^uSyJj^JU&I I ^utaJVl ^uuZj 



(Two-position controller) jt^l^Ujp&m 



:<LaJuLa 



<L«i_l2Jj (J j i ^ 1 ^ i*^^- JLJC p la * I , I Tj^sja (JjiiujJ (\J-2-l 4-ll <«t.-L>. < o" i u a^-ig- pk' ' a ^Jt> Jt-iis^Jl (_>L<J p la * I , I 

pW,*\\ (frequency) jjpJlj (amplitude) ^jJtl .Sj^jJLI -UjSJI jjUJ j^ ^U^ a^jI! 
pJaiil L^>UJj (delay time constant) (Jj^hi <>0 c^£ ^ ijIjucuj ^>ji\ <^Lu 

.(controller hysteresis) 

.*_iisjj| (jyjLjj pJaJjjJJ 4-1 La- "i < iiVI 2j_us 7~j-uj ♦♦♦ 

.*_iisjJI j^LS p la * -i U 4-)j£.j_tl <L«i_l5JI 4_L*jis j j_u G TJ-^u ♦♦♦ 

. (j-oj-I'j p la ' 1 1 "KJ^- C£i SS^-»JI (jy i=e_La p-<-uj ♦♦♦ 

.*_iisjj| (jyJl-ij p la Lqll CjMj-i^sjj <_Ls-*J <Laj}LJI «Lj l< j ^— 1 1 1 SjjI jJI *LfujJ pub i_3jjjj ♦$► 

xJa-U I <L)Ljtl<-ul (jyic. aL^aLsJkl tlaa. <LlC_jJj_uG <L-uIj.} ♦{♦ 

.pla-Lil <L)L?tl<-ul (jylc. p la * U A-tS^Uso 4.<vlS j-u G <L-ulj.i ♦{♦ 

.pJa-UI <L)Ljil<-ul (jyic <UjiijJU 4 y^l j ptj 4jj/!jJ ♦{► 

: <Jjjsel!l AjjJaJ 

A X = X max - X min : (Amplitude) i».jX\ ;l*_^ 
k*j2i\ \jt,j^£. J}U- (j-o tjrGjji^ (iry^-j u^> o-iP' d>^ : (Periodic time, T x ) ^jjjJI <>ajJi 

.(controller hysteresis ) pia_m 4^>UJ :X y 



8> 



u Willi ulijm ^uuL«jduJlj ^uSyJg^JU&J I ^L«laJVl 2uuZJ 




: La jLselcJLl oljjVI 

. *_ca_ajl j^Ljj jaJaJLa - i 

.4_i^c.jJI 4 1^11 «Jl>-j "" Y 

.AJjlJLa «Jl>-j - V 

■j-i-t-a I Y / OJ_a^ l ^ a" i n a SjJlS j J La ^ - £ 

.(delay line) j^ l3 uL^ - o 

. Jl^j>JI (JjjLls jL^jj. - "I 

.^Jj^S J^J-a - V 

.Jjj-ajj ti!>L^I - A 

.CjLJ_a^=JJ Cs-llBj ' , ^^~'j"' jLLaj - • 
tA-Jilll p^Stl sLc lj a « a (A) p^j J^— coll £ 1 i^— • C^ufilll '-^_ <-.l'.j^-.t I »^. n ->", p~a- ^ 

w = 5V (setpoint value) i>^jl\ U^l .U..M ♦:♦ 

.Ti = T 2 = 5 s (simulated line) sL^=uai lLjj ^jJI c^>Lj ,u..>,i ♦:♦ 

.cJj^\ = (controller hysteresis ) ^k;U a^>U>j ,U..>,l ♦:♦ 

Jj^fl 4_»-jjJI j^ys j_t>-G Jaj. (JLc. SL^a-jJLI Jaa. lLb ■ i a I a 4_ij£.j_tl 4_a_ui]l 2Jl>-j (j-tj i""m (*^ ~ Y 

controlled ) <t^ j^aiii j^iit l>u=i^i <>aj Ja^Vj (delay line 1st. Order) 

.fuJjJI ^l j^^i^Li ^Ja-Lll ^.j (variable 
delay )^liLtl i^jjJl <>» j^ts lL^ ^ (controlled line) r ^~-ti ,u±\\ ,U..>. s jLcL ^s- r 
.^-IjJI ^Ijl^l^L aIojUI ^.j 4ja p^u^-.ti j; :-,t li^l^I ^j J^-^j (line 2nd . Order 

j-LtlU, <L)L*IL-u^?l (j-«j i La a. V j <-^3^ Y (jyic (oJa-UI 4_i3}L>J 4_a_L3j-<Ju Juu Y /<kJ9j a a La -•- II SjLlL) ^ - £ 

. 4_l3 p^-i-=elll 
(aJa-U I A-iLstL-ul Jaa^j Y p^j a j La -^ II JlcIj 2 V (jr lc /<u (j^a j 7 V (^yic 4j_a£.jJ,l 4 ojritl j-lC ~ 



«r 



"iulJj! 3jb->!! 
uUliUI 






2bLJU£uJlj Uwdjg; JLfel I 44aJ?l A.U4J 




Power suppiy Set jx>iir£ i^aJue 



2 -position 

set. contr. 



Delay Sine, 
2nd. Order 



rt_/ / 




/ 



















Kl 



-K>- 



-Y 



Start 
relay 



dp 



T 



U 



■££ 







Yit; 



Plotter 



,K2 



*_iisjj| (^LJj p la * -1 U ^j'J J^~~*^' Cj^Lu-sjjJI i LaJoJeja : (A) pJ9j J*— » '"■ 

(oscillation amplitude) oLijljjji ^j^ 4_ Jibuti -jLoj^ 1 4- ..,...."." pJaiil l^>u»j jLo)| ♦> 
switching ) cy Li-£u]! jjpU Jjiy.tl £* (controlled variable) <uia r ^~-.ti j^-.olt 

.(frequency 
w = ) 4^ p^u->-,ti jj«~t ^j.^^t| 4-a-Li!i jj-o Xo* (set value) i^^LjX\ <*j21\ jj^~ Lajj^. ♦:♦ 
I juk .(residual controller deviation) u zr,\,\ *&uX\ l^Ij^oV ^jj ^i ^JLia o-^ ^P 3 (5v 

XJ — ij; 7t <>i"n cjLijljjji ^jLa (w = 2 v) Sj-Lt.^ (set value) i^ijJti l^ji 03^=^ L«-^- ♦ 

sUmijj ^e-Laii cjLjijjJ! jU(w = 7v) lht^= ( se * value) i^jJti UoUl jj^" UjlI^ * 



«r 



2iuLai3jb-jjJI 



ftlilW 







:<_sjjui,l CjUijjaJLa 



«i 



'iuLUlSjb-jjJ! 



ftlilW 












'iuLaiSjb-jjJI 



ftlilW 







(P-controller) ^Lull^l 



:<LaJuLa 



' 1 1 "^-— » II (J^oLtd (_gjl i n < ,, 1 1 iiLuJI p la ' I , I (J^oLl^ <>t,_L>. /— La->J I j i ^-— » V I J <a ♦^-— > (_)-«-*-> /— 1 i iiLlLII p la * I , I 

p ^— -»" 1 1 i La -•- II Cj l^-Ltlt, 4 j i nitLi ^->^-» uaJI 4J9^L»JI «Lllj_a *_a p La * 1 , 1 i La -•- II Jl pJa-UI (Jjj-sjj ♦{♦ 

.(^yjLajjVI p^— •--"^ £_ jLltll 4jr Ljj/LuJI pJa-UI J »g i dxaj ♦{♦ 
.pia-Lil ' • ■ "^— ■ j p^— •--"^ i_slj^>jl jl jJLa jj-^i iS^L«JI 7"j-^u ♦♦♦ 

■ ^i i iiLlLII p La * U Cj^Lllojj (_><3-*-I <Laj}UI S j »j j ^-. 1 1 2jj| jj| $.1 u, \\ pjj i_3jjjj ♦$♦ 

pJaJil j^Lwj (set point value) i^jJti u^l j-jib <-d!ij (^-Lsji pk-t.l j^ 2_^ij_> ♦> 

.(controller gain) 

./_ I I IlLZUI p Ui i ^ ' I iuLul /__CS_L>S p-l-u } ♦$♦ 

: 4jjjselll AJjJaJ 



y = 


£ • & 


1 






, , „l /" Tl p IA« / <i U 2^jl -^11 2 <j ,Stl= Y 
■ /- i i iiLuJI p La * 1 , 1 (J^aLa^a = JVp 

. ,..lr,tl pfc»:«,lt 21-U itl 2 ,^tl = p 


x P = 


• 100 
Kp 








.(_ r i ill ~i.ll iL>.j_a : Yvp 



el 



'iuLUlSjb-ijJ! 











^ 



^=^UI J^j: W 



.(<s^=L^elII <_fl 



iLa { YV 



wb 






:^LaJJr,"(iiill oljjVI 

.(P-controller) ^^^Ln <&!* - Y 

. CjljLi^fl AJjlJLa «Jl>-j - Y 

.(PT 2 Delay line)<jj^3 J^i. - o 

. Jj^jJud^Uuf- V 



«V 



"iulJj! 3jb->!! 
uUiUI 






2bLJU£uJlj Uwdjg; JLfel I 44aJ?l A.U4J 




: 4_lILjJ1 /<ulHI i La j I >> «l>3 C\) pJ9j J^-. ,*:,tl £_ 4_3eaia_ai,l SjjIjJI f-\j->-\ f-Q^elb pi - ^ 





Power 

supply 




Setpoint 
value 


Summator 




3 -controller 










"O y/^ 




/ 




- \n 


















\j 




1 








I 
















PTg - element 




i 






r 


/ 




\£) i 
















Test meter 




Delay line. 
2nd. Order 
as line simulation 







CrH-" 



LUll p La * -i It '''-'-JJ-- 



j^Lu-sjjJI i La.Ia.aej9 : (a) pJ9j J^-— ■"■ 



.cJois j^a ^ (set point potentiometer ) ~<^$±j\\ i«r«\\ sj^j .u.,^1 
. X! j^ic (range switch)^ jdl ^iia^j < ^ ^ (K P ) (jri ^ u Ln]l pk:t< , ....^,u : ,u 

. ^ ^^ « pJaiXlj o ^^ (Ti s T2 )S-4jS iUji^iI 
■OJ«£ = AjjIj <Lc-iJ3 ( _ ;r Ll ^LLail! <Ji>J jJI Jl^jJI '^m^i p^ - 

(feedback) sjg^jh ajjoUI J^ jj^-La ^c LdJjj (controller gain) pk;t,l <_..,.*=-. s>»U*» pi- 

p^~~ '•»■"' I < ""» l£j> 1 11 t p^~~ ' "-"'' (_3^--^ iJJ^" "* ' l *--'- L> ' J 'UjLSJ.I «Jl>-j jj^a iLka. 



4_)_ajC.j_U i IJ^' 3 Jl>-j (Jjt i"i"h pi p3 (j-«j <tjjl aXI 3 Jl>-jJ (_J1 1 nil ' 3 >lal] a I La ' ] I 4_ut>-j_a (Jjjuojlb pJ3 - £ 

.(control variable) p^^--.ti j: :-,t i^i^\ i^2i\ j^^ - o 

lj^><j| diint (. 1 1 n^-lj 4 a I" -» 1 1 p La * U ' < 1 ■<^-» poaJ aJLiI i nil ( ~ 1 1 a La -•- i I jj^~~ ' ~ "^ 

p_LaJj, I ' 1 1 "^— 1 p-l 1 -^ I" 9e a JlxC 



(X\vt>) ( _j"j"U p^-i-fc ill 1-3 



«A 



2iuLai3jb-jjJI 




ftlilW 






K P 


0.1 


0.5 


1 


5 


10 


50 


100 


X (V) 
















x wb (%) 

















Cr 



llIII p^~~ '"»■"' II i— Slj^sol 4 i i n \ J (yv) p^~~ LSellll jjJlLo 



Kp — 1 j^rLl (flialil i^m^-) JLC.T 









: 


*i <i -nr"tl (Ji-JtJL 4_JLl!l /<ulU! Ju£. (X w b) 


w 


(V) 


1 


2.5 


7.5 


10 


X 


(V) 










X w b 


(%) 











. V a 1 ^"jl-^-^tl ^_a J^— i ] ^j-^jJ'j fftialJL I tj^xjh (j-u 4J2^L*JI (<u-ujl - A 



(residual control deviation) ^rA\ r ^~-.ti c^ij^oi ^ LfJir ujini\ pk; n iy^X\ a-u^uji ♦> 

■ pk'U (yi in^-i ( _ ;r Ll JlAJ*J (Jj pJa-U.1 <Ji«0 (^JLl JujI*J^? i^JlJI 
lLUJ '£— i. i j i ntl *_a».j_jj (j 2 j" 1 1 p^— '-""tl i—Slj^soV 4-La^ a-) A_l«^= ^ j '** /^J-<3 »j ; j ^— > ! I p La * 1 , 1 i_<-i "^-— 4-<i_l9 ♦$♦ 

.iJsLLaJI ^jjjjso »^'--" i ■■ ) x /— LaJ^JI j '^— » 1 1 (J a-g (_p-« <_>«-*-> ^u iiLuJI p La * 1 1 (j\ 



M 



2iuLai3jb-jjJI 



ftlilW 







:<_sjjui,l CjUijjaJLa 



1. 



'iuLUlSjb-jjJ! 



ftlilW 












■U 



'iuLaiSjb-jjJI 



ftlilW 







( I-controller ) ^tftt I f&m 



:<l«Jl^4 



. Cr L J j/L<lII pJa-UI x_a U*j.}j_a jj^— j jjLls.^1 <_JL=. f j LjcLlloJI CjVL>J,I IL. ^I«l^-."tl p fc. ; 1 1 ~ j^ 



: Jj^aelJI jj^a i_3JijJI 
a LLaJLX d-nlL-e-a puJ9 Jtl£. ( JVj ) (jr LaL^=Ll]l p la 1 1 , 1 dlLtlaJLl 4_tlajJI A-iLjtluVI JjJlJso ♦$► 
.(-Ivj ) ^JalaJLJ <L)L?tli_u^?l i alaj.j J al ^— • ill <J^aLta (j"^> 4J9^L»JI 7">^" ♦$► 
<L»-jjJI jj^a j_t>-G Jaa. ^_ j—LaL^aj >aJa-La a JlJt" i u < /_^3ljjI aaj| p ^— »*- i jl^>- (_£2 4_ilsr" i u VI I a taj ♦$► 

(PT 2 - element) ^liui 

.(^yjLajjjVI p ^— > ->" ! I .aliaj '£— ej JljJlLJ (^yLaL^aLjJI plaiil i>L>ol Tj-^ ♦♦♦ 
.j^^JLaL^aLlII pia-cal] Ja-ujajl (<LujjJI) jjjula ^-tij ♦♦♦ 

:<Uj^auLJI ( rti^j 
. (jr LaL^=LlII pJa-UI Cj^Lllojj (J-aJ«-I <Laj}UI 4-Uj j^-— II SjjI jJI *LfuJl puJ i_3j_<_u ♦$♦ 
. illaiJI (jr Ll ^l*l<^-."tl pJaJj.1 J_«L»_a 4.a-iS j-_i<3 j-u G 4-<-ulj.} ♦{♦ 
.^j^ajJIj p la * 1 1 {_yz 4_»-jL>JI <La_L5JLI 4j9^L*JI ^-Ire-La («-i-uj ♦♦♦ 

: 4jjj*ll| AJjJaJ 



y = e • k j • t 




(jr LsL^=LlII ^Ja-Lal! Aj>-jL>JI 4-a-LaJI =1 
■ Cy lcl^-,-tl pJa_HI J^U^ = Kq 
^yiaL^alJI pJaJUJL! ili.|jJI 4o^tl = e 
. ( _ ;r iaL^=Ll!l J-«JtJI (j-aj = 1 i 
(i_Jlii) (j-ajJI = t 



nr 



uUliUI 






2bLJU£uJlj Uwdjg; JLfel I 44aj¥! A.U4J 




:OajLa-"inU oljj^t 

.(_yJLaL^=3tJ p'-^*" _ Y 
."LijlJLa «Jl>-j - V 

(Delay line, PT 2 ) 2L0IMI i^jjJl <> je- 13 ^ ~ ° 

.(multimeter) j^>ji ^L^ - v 
.XY(t) plotter p-^ljJl - A 



Power 
supply 



Satpoint 
value 



-/ 




/ 



Summalor l-contrailer 

"HO 



PT2 - element 



K1 



-2 



£ 



T 



Start 
relay 



K2 



K3 



Y[t) 







Test meter 



Plotter 



.(AB(I) ) piaiXI jLiij ciJ^a ^ = ( e )*j^>XI U^JI sj^-j .Un^l ♦> 
.K T = 1 1/s < xl ,jc. (K : range switch) pk;t,l u„a ^j^ ^-LlLj ^ ♦ 



tr 



'iuLUlSjb-jjJ! 



ftlilW 






i^LLaJI jjuuax (J-iJi iluj (<kJ9 pu AJa-U I r-jJti Jl$j>JI ^j-uMriaj /<u-uljJl Ju-ajj P^~~ '*-"" Jaa. Jlj-cl ♦♦♦ 

t^yJllJI JjJl^JI '£- CjUIj-UI J^=-<-uJ C;y JLa L^=ljJ 1 p la - 1 , 1 J^Lt-culi pi ~ Y 

K!=l,e=l V 



£< 


r« 


Y* 


W 





(S) t ^jJI 












(I.lor . )Y 












(LuUo^)Y 



: ajJLjJI <juo1\ f^£. (Kj) ^Ul^— ~tl p fc. ; 1 1 , ,,„^_, p_Js , U , , x »_a cjL-uLlIII j>^= ~ V 



Kf0.1,e=lV 



£< 


r« 


Y> 


)> 





(S) t ^JJI 












(lilnr . )Y 












(LuUo^)Y 


Kr= 0.5 1/s, e = 1 V 


£* 


r« 


Y* 


\< 





(S) t ^JJI 












(I.lor )Y 












(LuUo^)Y 


Kf= 1 1/s, e = 1 V 


£* 


r- 


Y- 


W 





(S) t ^JJI 












(l,lor)Y 












(LuUo^)Y 



\t 



'iuLUlSjb-jjJ! 




ftlilW 










Ki= 5 L 


's, e 


= 1 V 






£< 


r- 


Y- 


*• 





(s) t ^JJI 












(l.lnr.) Y 












(LuUo^)Y 



Y= X w * Kq * t : (Gradient) jJtl i^ 

. -Kj J *l^-i"tl ^j^aLt-CJ LgJjLsj p Un / 1 1 ^j^M .^.-^ i aJbie 1 (JjJU ^>-J-i -SJ^»- ♦♦♦ 

w=5V, T!=T 2 =2s , K^O.l 1/s 
p^^-tt j^iil (periodic response)^ jJI ^L^i^l J^^j ^iilj ^~-ti Ji- j^ Ji_i - o 

.(control input) ^U^ni ji-jj *<^mi j-jiHl *l_sl (controlled variable) 

j ^JLjjdi ( periodic time) ^jjjJI c^j^h (amplitude)^Li3jVl <_^».l I sjUMl ^ - 1 

.(damped oscillation Kisi.y.u ;l>:l>jji 2_cjIjjjJI 



JiJlC 



1. T!=T 2 = 5s , w = 5V 



Ki 


0.1 


0.5 


10 


A X(V) 








T(s) 








n 











2. T!=T 2 =0.5! 


s,w = 5V 




Ki 
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10 


A X(V) 








T(s) 








n 









le 



'iuLUlSjb-jjJ! 
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3. T!=T 2 = 0.5s , w = 5V 



Ki 


0.1 
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10 


A X(V) 








T(s) 








n 









IdlLLaj^tLa 

(j| Tciisjj I Jufc . Lliu p la * 1 1 jj^a r-j^>J I jjJlLo jij^ - » ' \jJlus ^^Lai^s-A] p la * a U (Ji^jJI jjJlLo jij^-* ) LaJtlc ♦$♦ 
COIltrol ) p«^-.-»-"tl i_slj^>jf JISj Lajii£. j^Li^a <_>u-J p la - 1 , 1 rji>- .jjJ^-ieli] JjLs (^laL^alll pla-UI 

.juLuaJI J! (deviation 

p^-^-»".tl CjLsIj^soI (^1 (jj^ p ^-» **■"' ! I <_^>--i <4- iV^^-^' j-Ltll I p la *_' LaJtlc Jjjui i La • J (J-«WJ .a I la * ! I ♦{♦ 

appreciable ) i£=>jJU j^»JI jjUJ CiL^. ^1 ^3^3 (residual control deviation) i s 7,r,\\ 

.(amount of overshoot 



in 



2iuLai3jb-jjJI 



ftlilW 







:<_sjjui,l CjUijjaJLa 



IV 



u Willi plaiUT ^uuL«jduJlj ^uSyJg^JU&J I ^L«laJVl 2uuZJ 



ey i <> L^ =a i;| (jr j^ u Ln!i pt^;ti j^j^i ^^ajl ,^,-^. Sj-uljj :3jlJu*JI 

4_aj>UI Cj}Llx3jj]I J-*CJ ^yial ^atlll i in Lull p ta - 1 , 1 J*£. 4_uLi^3 ^^ <_jjJlLU i-SjJUJ (jl : JjlJLAtf I 

/ <\ • ^^b SjUX! o>-^1 Jl mj^I J^? ^T tUfiWUlAl ^>Lfb« 






■l,/\ 



u Willi ulijwr ^bLJL^ddJIj ^uSyJj^JU&I I ^utaJVl ^uuZj 




( Pi-controller ) ^Ut^l ^Lul! f&Ul 

^_j_<jLjJI dJ /_i i nLZlII p-La.lL I . L7 La\j=CJi\ j ^i i uLlLII pJaJ-al] x_l*j>o ^£. SjLlC . I al^-i"tl ^i , nLUll p la * I , I 
p^~~ t^elJl i_slj^>jl 4-LuaL>- i-jLL^-Ja (jr LaL^3LjJI p la * 1 , 1 Lai i ^1 al^-T.U p U U I 4_)Ljljjj/I <■ . U i L>JL»_a 

,j.i i iiLlIII <ftJa-LaJLl J 2j a I , I 

:<bjjaal!l (j^a i_3Jl«JI 
/-] al^-i"tl ^n iiLZlII p la * -i U a a La -•- 1 1 <L)La-"i < ul ( J - i'y ' u3 ♦$♦ 
.^Lojj 2I p^-.-»".tl ,»LLaJ £_ (^yJLaL^ailll (jr u-ul_uJI pia-Lil iJ^Lta Tj-^u *i* 
.(^Lajj 2) p ^— » ■*■" 1 1 ^ 1 Um ^_ ^1 al^-i'U ^1 1 uLuJI pJaJ-qJU oj-iATlU Cjlj_iil lJu^sj ♦$» 

.^yLoL^arJI jjii uLlLII p La * LI 2j_)Lt« «LJ a-£ 7c_llojj ♦$» 

:<Ll^*jJI ( rtir^ij 

.j—LaL^aLlII /—1 1 uLlIII p-Lall I Cj^Lu-ajj (J-«-*-I OsjM-I' ^^'J J^~~' *j_il jJI s-LifujI puJ i_3j_!_u ♦$♦ 

. (jr LaL^=LlII <_Li*JI (j-«jj p La ' LI J -T* (jyic j* LLail I (_L>Oj_<jG A-ij/IjJ «$♦ 

.kxAJua p_jJ9 Jtl£. p^~~ ---"^ j '»"t. 4j_LajJI AjLjtj^u^l 4-ij/IjJ «$♦ 

. jj^ajJLI 4 [ i riitu p La ' I , I ^j-« PTJ^* 1 -'' i^^Lc ^^y-Lre-La p 1 nj ♦$► 

tijjjaslll AjjJaJ 



7 = K p • e + K j • e • J 



■ /—i 1 iiLlIII p La * LI (J^aLta : JVp 
.(cJoi ) ^LflJa-Uil SJL>»|jJI 4-^-lIII : E 
.^L^UI p-LalLI J^L^ : Kq 
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Y 

r 

£ 



.(set-point value ) ^b^jJU U^JI sjo.j - ^ 

.(P-controller),^^ ^laia 

.(I-controlleD^L^a (Uaia 

. (step function generator) 4_lL^*1] l iJljJI jJ>« 

.(power supply) j^ol Y / cJ^a ) o jo-,,,.a SjjJs jjl^ 

.(start relay) ^j^J^j^ - i 
.(XY- Plotter) ^IjJI - v 

4_jJLlI1 ><uUI i La j i >> aLc!j-a «_o (M ) *J9j J^ ifuJI IL. 1 -i^— ■ CnrTitl jUaJ IL. CllJ^aJU ^.LfrjeTiJ *J3 - ' 
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supply 



Setpoint 
value 
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J 
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K2 



v« *— H 



FT2 ■ element 



l-corttroller 



+ * 



kik: 
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Start 

relay 



Hotter 



(^JLaL^alll ^i i uLuJI ^LaJUll 4_ul_ij^^=JI Cj^Lu-ajjJI i LalaiejO :0 ) ) (*J3j J^-— ui 
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cJ$a ^ 


Wp*=-iVitlJi.JU 


1 


K p , , „1 ™l| ^ U\ < t 1 < . , „^— . 


) 


(1/s ) K Icy lcl^-,-tl ^Ml , ,,„^ 



■> UaJL) I (Ji>.jJ »/y>- Lai I j-iATlU 4 1 1 nitu (ftia-U I r-j-iti 4_lLoj_JI 4jLa-"i i n^fl (_>==-" ~ Y 

T n = S 

.j^j^oj^^ r = — , Integral action time ) ^L^u l j^ l ^j j^u, - r 

n Kj 



T„l= 



T„2= 



T„l= 



T 1 : 



C P =0.1 






KfO.l 1/s 


C P =0.1 






Kr= 1 1/s 


Cp= 5 






KpO.l 1/s 


Cp= 5 






Kr= 1 1/ 


*\ iSii (^^— < -»■ 


*.tl ).;-. 


i, AjjajJI 


4-1 La- " i n zl Jaa. . 



.( *> i ul jJI a! JlJt" i 11L1 CjLj/LlSJI (J q^-*' j '» to (j-ajJI O-iLi (J2j) (j-uJLlII 

: JjVl .Ui.MI ♦ 

T! = T 2 =0.5s,w=5V 





Ki=l 


Ki=10 


Ki=100 


K P = 1 








K P = 10 








K P = 100 
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L^ 



liJlJaj. 



^aJI ♦;♦ 



T 1 = T 2 =5s,w=5V 





K T =1 


Ki=10 


K!=100 


K P = 1 








K P = 10 








K P = 100 









4-»ja ejbjj Lull I jl aj^jlJI «|_ . JljL^JI j_4> (^j3_^=>_>^ Ij^j^= p ta ■ 1 , 1 '/ ■■■^— <jL^= I Jl Lai . ^i inLtlll p-laiU 

.4X.^_ljjJ (. M - *-" I II) p fc» * t I ^jLd i ■ i „£—, It 

short ) (Jj^I (j-a) j-t-aS j_a (regulated lines) ulaiil ■ t.jt^ti ^f ^^ jjVl svlj-UI - ) 



Cri-" 1 



iLuJI p ta - 1 1 (_, ,„^— jl^— |<j p^—^-"tl '£_ oJ^>. 4jUcj i ii 



f* 



i3f2^s L^L^=uaL (delay time 

Ja^ell (jjj-tlll (j-«j (j-a <—i_p-2-) (_j-La L^slIJ I (J-a-tJl (j-aj_J \j '.'^~* 
^_1«J Ijufcj (yLaL^aijJI (J-«-*-Jl (j-«jj p-Ia-U I ( < ■ ■■^— i »j " i —^ p-L3 jLll>-I L-L-iJLc: (j| Tciisjj 4_uQjl Ss.ljJi]| ~ Y 

.(jj^.tTdl (j-«j (J3^ >. i i i ii < lLUJij lj-Lt.i^i 1 j, 1 1 ii s -k • < a-a • ■• (J ^1 ^-— «" II (J^aLLA (j| 



vr 



2iuLai3jb-jjJI 



ftlilW 






jL^tU! 



T! = T 2 =0.5s,w=5V 





K : =l 


Ki=10 


Ki=100 


K P = 1 


Slower, aperiodic 

compensation 

X wb =>0,T n =l 

s 


Overshoot,(50%) 

damped 

X wb =>0,T n =0.1 

s 


Undamped 
oscillation 

X wb =20%T n .0.1 
s 


K P = 10 


Aperiodic 
compensation 

X wb =10%,T n .ls 


Faster, aperiodic 

compensation 

X wb =>0,T n =ls 


Overshoot, 
slightly damped 
small amplitude 
X wb =>0,T n =0.1 

s 


K P = 100 


Faster, aperiodic 

compensation 

X wb <0,T n .100s 


Faster, aperiodic 

compensation 

X wb =>0,T n= 10s 


Faster, aperiodic 

compensation 

X wb =>0,T n =ls 





T! = T 2 =5s, 


w=5V 






Ki=l 


Ki=10 


Ki=100 


K P = 1 


Overshoot, (50%) 
X wb =>0,T n =ls 


Undamped, 
(50%>) oscillation 

X wb <25%,T n =0.1 
s 


Undamped, 
(50%>) oscillation 

(50%) 

X wb <25%,T n 

.0.01 s 


K P = 10 


Overshoot,(30%) 
heavily damped 
X wb =>0,T n =10s 


Overshoot, small 
amplitude, 
heavily damped 
X wb =>0,T n =ls 


Undamped 
oscillation, small 
amplitude 

X wb ~25%,T n .0.1 
s 


K P = 100 


Overshoot, small 
amplitude, 
heavily damped 
X wb =>0T n =100s 


Overshoot, small 
amplitude, 
damped 
X wb =>0,T n =10s 


Undamped 
oscillation, small 
amplitude, high 
frequency 
X wb =>0,T n =ls 
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(—jjJluI CjUo^eJLa 



Vi 



u Willi ulijwr ^uuL«jduJlj ^uSyJg^JU&J I ^L«laJVl 2uuZJ 



. u L^\Jui\ ^l*l^-,tl ^y^LnJI pU.:t 1 J^: 4. p^u^-.tl i TH Li^= 44^ :3jlJU*JI 

j>l_u-ajlll J-*£.J ^rJLbLalll ^yial^al!! u tjnlZtl\ p ta - 1 , 1 J*£. 4_uLi^= ^^ <_jjJlLU <-3j-*jj (jt ' «lkAA*l 

.«jjL«J,Ij (JjjLlUI 4jUf *ljj*2 Laj^LII 






.ujjUelll *l>a-i JtJ£. 4-aj^U! 4-a^L^J! JlcIjJS j^. 1 ^"' (J\ £sLi^^L> ^li^lilll ^l^l^U" 
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(PID CONTROLLER) ^UU! ^L£Ut ^LuJ! f&ai 



: 4_o Juu3 



l^Ij^o^I ^^^3 ^ylc <_L«j 4jj ct-p. (continuous controller) j^i^a pia-ia j^,j ^^Liillj 
(j ^ujId1\ aIqjUI 4. <jL^= Ui= £>^f (differential gap)^U-u,VI s^^Jl 4. r ^u--'. ^^uui 

,1 i^l A"tl ^JLaL^ailll ^ii uLlIII p La * I , I (J-4-C (_>^-il '^^ 4_i_ulj.i ♦{► 
^1 i^l -Vm I al^-<"tl i ! iiLuJI p U» i 1 1 ^^Lc j^^JLisLaliJI p . u-aJI j '" | " Tj-Zu ♦♦♦ 

^u nLZLu p La ' all ^j'-^j j 2-3 1 OJ9j 4-1 La- "i i nlj /-! «l^-<"itl ^i , uLuJI <Ua-L»l! 4_l>jjJlLJI <LiLa-"i < u 2 1 (Jj/LlS ♦$► 



■(jr 1 



(^jLai^-.ti J-wlJI (j-ajj (pre-hold duration, T n ) jlj^i^^l jJsU spia p_L3 ^L^ jjj^s ♦ 
^Ij^i^Li (^JLiLii!! ^ui^-.ti (j5+tdU Ln]( pk; it ;bL*i^l <>a (integral action time, T v ) 

.(-r-U) (jrLi-is LojJ I ^u iiLZlII (O-La-U I a (_rl) /—I al^-i"tl ^i i uLuJI <ftJa-L»U £yi" A !"-»■« ^j-CliLa-" i »l 




( proportional time) i^jlaJl ^jd! : X P 
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( Integral action time)^!^-.-.!! j**ji ^j :T n 




.(the pre-hold duration) J i_ > 2Lu,Vl JJs u sps :T\ 



■ /, i i iiLlLII p la * I , I - 1 



•LT 



Ltla^JI SJIjJI jJj^J - 



.(^Jj^ Ja-j-a 


- V 


(XY- Plotter) ^IjJI 


- A 


.(Jjo-ajj Li!^l_u/I 


- \ 


1 \j^—,\ 1 <-, . r,~j i , ,^—,j~\ jl u-,1 


- \« 



:4-t!Ll!l p-lIII aLllj-d *_« Y) plj J^— iSJI IL. I o^-» Cm /fit I jliaj -^ <-.l*ij^-.tl .j»al *&- \ 

K D = 1 s , K P = 3 , Ki = 1 1/s 
.(lv) J^ (step function) s^jjuJI aJIjJI ^ (Function generator ) aijji jJj^ ♦:♦ 
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D-controlk 
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Start relay 
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.^ I . ^ I .V. 1 1 ^1^1 ^-.".11 ^i, „LuJI -i la » -i U 4_uj^^=JI Cj^ jinjlJI JaiaJ&a : ( \ Y ) ,oJ3j J*^- 1 ui 

.osyi o-oi: 4- XY(t) plotter j (step function) i\>'<\\ aj|jj| ?juj * 

tAolbJI jftoaJI j^ic Y(t) plotter *uJjJI ,Um^I ♦:♦ 

2v / cm = (Deflection sensitivity)^ \^i \ auX»-v ♦ 

lcm / sec .Lu>53 (Paper feed) 3jy! ^j^ ♦ 
.(PID-controller) ^^uni ^^Luil ^ui^-.ti p k:ti ajL^j i^.^ *_£ - y 
i^ojaHi LiUli^^i j>u. ^j y s^kiji j,U3j sj^IjJI ^ (D-section) ^^uui p,,,^ti jj-c! - r 

.2v / sec J\ L^ ^Li3j^?i Jj^ jjuuj (triangular voltage) 

l v pre _ ) (CjljJI (jjlj-ll ^'^ JJlJ>oj (jr Li Loll I ^i i iiLuJI p la ' i U (jr >-jJtlII (j-«j-II i-iL^tli-ul (J^a- i n't - 

.(1 Jl Kp ,Uj.^ o^^hj) (jj*ixi Ijui. ^ (hold duration 

(^^.jjUI <>ajji ajL^Jj (PI-controller) ^l^ui (jr ^Ln!i ^ikiUJ ^jjoji ijL*i^i j^v - i 

.iicL^a K D j Kq o>uui! jj^^~ Ujjii t (PD-controller) ^^uni ^^Lnjl ^u\i 

j^ic jL. *j (PID-controller) Ly L^\Jui\ u L*[£=£l\ (jr! ^Ui!i fJai»U ajjjjJI a->u=i^i ^ - v 

■aIiIqJI rtikntl oLJUju jLcj UJa (D-section) < _ y JL^LiiJl ^ 211^13 

_ va _ 
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:<_sjjui,l CjUijjaJLa 
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LUCAS- : v3^=Jl « Study of Automatic Control (IBC1/S05157-1V) ig^il - \ 

.NULLE company 
LUCAS-: c^l^Jl Temperature Measurement ( IMT1/S05157-2M) : ^i - y 

.NULLE company 

Pressure, Fluid level and Flow- Through Measurments : ^.jX\ - r 

XUCAS-NULLE company: c^L^J I ( IMT1/S05157-2Q) 

:v3l^=J! Application of control circuits ( IMT1/S05157-1X) : ^jX\ - t 

LUCAS-NULLE company 
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V 4-lLu^LJI <LajLim *\ JlJt" i iiU 2jlj^>JI i>-J-S jjjjLjS - ^ 

^ Y (_£jlj^>JI CjLlij/j^a^lII *\ Jiir" i iiU SjIj^kJI A^»-jJ ^jj/LjS - Y 

Y^ ^jlj^>JI rj-ij-U |>ljLsr"iinL 2jlj^>JI aj>-jJ (Jj/LjS - Y 

YY <J^ Jul I Jjjla (j-"L;^~ i 

YA JjL^JI ,Uii^ o^LiS - 

£ i (JjI i ntl ^j" i ii a (j-ul_iJ9 - "I 

uUHUl-.^LiJIuLJI 

o^ ^^Jl ^LS ^kULl- V 

0*1 (jr u^Ln!! pb»:t|- A 

IT ^L^JJI ^kUI- 1 

V* ^l^-Titl ^^x^LUJI ^JSlUI- 1 • 

VV (J L±LZ1\ ^1^-,-tl ^^^LuJI ^UiHI- 1 1 

A- t^ 1 " ^ Y 
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